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RADIOTRON STUDIES IN A CASE OF TEE MOCTIROMATOSIS 


ALPER, M.A.,* ann D. V. Savace, B.Sc..* Prerorta, SoutH AFRICA, AND 
T. H. Boruweun., M.B., B.CH..** JOHANNESBURG, SOUTH AFRICA 


INTRODUCTION 


pritgpecnie ISIS. a disease associated with disordered iron metab 


olism, lends itself to study with tracer doses ot radioiron, In this paper 


a young adult European man, suffering from the disease and showing myo- 


cardial failure, sexual hypoplasia, and hepatic enlargement, is presented. At 
the suggestion of Drs. J. and T. Gillman a series of radioiron studies were 


earried out in this case and the results are recorded below. 


CASE HISTORY OF PATIENT D. M., AGED 21 


Aug, 8S, 1948, with a 


The patient, who was a prison warder, presented 


to the hospital. 


history of several bouts of ‘*palpitations’’ on the day prior to admission 


Previous exercise tolerance was good and there was nothing significance in the former 


history. 
On physical examination there was a complete absence of facial and axillary hait 


and the pubic hair had a female distribution. There was no abnormal skin pigmentation. 
There was no breathlessness at rest. Lving at an angle of 45 degrees the patient had 
pulsatile neck veins 7 to 8 em, above the angle of Louis. The pulse rate was S4 per minute 
and was irregular because of extrasvstoles. The blood pressure was 90/60 mm, Hg. Clin 
ally the heart was normal in size. On auscultation, a gallop was heard at the apex. The 
was felt two fingers below the costal margin The edge was very firm, smooth, and 
nontender. The size of the penis was within normal limi i he t ‘les were atrophie, 
Laboratory Data. 
14.5 Gm, per cent. Color index: 0.91. Erythro 


per cubic millimeter) : 11,400. Neu 


Complete blood count: Hemoglobin: 
per cubic millimeter): 4,920,000, Leucoceytes 


Is: 6S per cent. Monoevtes: bo per cent. Lymphocytes: 2405 per cent. Kosino yhils: 
| ; ym] I 


rocent. Basophils: 0, Sedimentation rate: slight increase, ifibrinolysin. titer 
positive, Vodified de fest foi syphilis: nevative, Urinaly . Ave? function: 
nol turbidity: 8.5 units. Thymol flocculation: + positive. Takats rt Ueko’s modi 
on): negative, leteric¢ index:  S units. Ikaline phosphatase: 20° King-Armstrong 
Blood proteins: 4.99 Gm. per cent albumin, 3.19 Gm. per cent globulin. Prothrombin 
trocardiograms: Con 


| 


63 per cent, V-ray of chest: heart and lungs normal. €¢ 
low amplitude in Leads | ETT. PR and QRS times, normal. Chest Lead 
inverted T waves in positions I-IV. Ventricular multifocal extrasystoles, 
While in the hospital the patient was asymptomatic. However, in view of the persistent 
tic enlargement, a liver biopsy was carried out by Dr. T. Gillman after a short course 
tamin Kk therapy. Microscopic section showed the presence of hemochromatosis with 
iron deposits and an early portal cirrhosis Fig. 1). The diagnosis of hemo 
more attention on the patrent’s endocrine disorders and further tests 


atosis focused 


carried out. 
Received for publication, Aug. 27, 1950. 
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Additional Laborato 7) Data. 


SUGAR TOLERANCE CURVE (AFTER 00 GM. GLUCOSE ORALLY 


DATE FASTING 30> MIN, 60 MIN, 90 MIN. 120 MIN. 
10/28/48 100 mg. % 200 mg. % 220 mg. % 155 moe. % 135 ms. % 
3/10/49 90 mg. % 165 me. % 135 me. % 95 mg. % 


Duodenal intubation: normal quantities of ferments. Fats in stools: S85 per cent 0 

twenty-four-hour specimen water, Of solids, 48 per cent fats, 10 per cent being unsplit 

Serum and urinary diastase: normal. Blood chlorides: normal. Wepler-Robinson-Powe 

test: negative. 17-Ketosteroids in urine: very low. Exact reading unobtainable becaus: 
] 


of interfering pigments. Blood cholesterol: normal, Basal metabolie rates: 35 per cent 


17 per eent, —25 per cent. 





Fig. 1.-—Microscopic section of liver showing heavy deposits of iron-containing pigment 
(Stained with Prussian blue. K 320.) 
The patient was well enough to be discharged on Dee, 21, 1948. He was readmitte 
on Jan. 1, 1949, with a week's history of attacks of ‘*palpitations.’’ On examination 
was found that he was having paroxysmal bursts of tachveardia which, on eleetrocard 
ography, were found to be ventricular. These attacks responded to quinidine thera, 
and he was well enough to be discharged on Feb. 5, 1949. During the week of Mareh 16-2 
1949, the radioiron studies, recorded below, were conducted, 
On May 7, 1949, the patient was again readmitted with a two-week history of 
creasing breathlessness on exertion and of ‘‘palpitations.’’ On examination it was four ( 
that he was in congestive cardiae failure. He was treated by bed rest, a salt-free diet, a: R 
digitalis. After a week ali signs of congestive cardiac failure had disappeared and ; 
was discharged. When the patient was last seen alive on July 8, 1949, he was still a ; 


to carry out light duties. However, on Aug. 8, 1949, he collapsed in the street and w 
dead before admission to the hospital. 


A post-mortem examination was carried out by a pathologist unaware of the patient 





antecedent history. The diagnosis of hemochromatosis was confirmed, but no spec 
mention was made of the heart, except that there was some generalized enlargeme 


(weight, 16 02z.). 
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MATERIAL AND METHODS 


It was decided that oral administration of radioiron would vield the best information 
to the fate of dietary iron, and for this purpose ferrous sulfate was obtained from 
ierlab, U.S.A. The activity as given by the suppliers on the date of dispatch was 
5 me. Feo? and 0.035 me. Fe55 in 15 ml. solution, the total solution containing 256 mg. 
i.e., 17 mg per milliliter. The amount of activity administered was determined on the 
sis that in the first few davs the whole of the radioiron would be distributed in the 
nentary tract, ie., in about 4 kg. of tissue. On this basis it was calculated that 53 we 
ild deliver less than tolerance (0.1 r per day). The dose actually given was 2 ml. of 
ition, 1.e., 25 pm of Fe59 on the day of administration, according to the Tracerlab 
indardization. This, however, did not agree with measurements in our own laboratory. 
absolute calibration of the radioiron, using the disintegration scheme of Deutsch 
| co-workers,t gave the gamma ray activity as only 0.55 of the Tracerlab estimate. 
It seems reasonable to suppose that the radiation received by the patient was not greater 
in the accepted maximun permissible dose. 
No measures were taken to alter the patient ’s diet in any wav before the radio 
was given, and it seemed a fair assumption that the uptake by the patient of iron, and 
ts metabolism thereafter, would give a picture of the fate of an equal quantity 1.e., 


of iron in the diet. 
n order to trace the course of the iron the following measurements were made, 
ul \ssavs of all radioiron excreted in the feces and urine over the first sever days 
administration of the iron. 
I In vivo measurements over various organs over the first seven days, and at cer 
intervals thereafter. 
Mensurement over the same organs of a cadaver into which a model liver, eon 
ny radioiron, had been placed. 
d \ssays of radioiron in blood samples taken first at hourly then two hourly inter 
ils for two davs, and at suitable intervals thereafter. 
e) Assay of radioiron in liver biopsy material obtained three davs after administra 


of the iron. 


In Vivo Measurements and Cadaver Measurements.—It was found that the 
efficieney of an end window counter was higher for gamma ray counts from 
iron’ than any gamma ray counter available to us. A General Eleetrie Com 

vy type GM2 counter (copper window) was used for the in vivo measure- 

nts. It was assumed that radiations from Fe*? (energy 5.9 ekv) could play 
part in the counts and the Fe’ half life, 47 days, was used in correcting 
its for decay. 

VWeasurements on EBarcreta., 

(1) Feces: In the earliest stages where large amounts of radioiron were 
excreted in the stools, aliquots were digested and assayed by means of a liquid 
suupline counter of the Veall'’® type. The efficiency of the same counter was 
lneasured for a solution made up from the original stock, so that quantities 
eonuinated were determined in terms of the dose administered to the patient. 
I) later stages, where the quantities excreted were smaller, the plating technique, 


ribed below, was used. 





2) Urine: It was found that the count due to iron was not sufficiently 
to allow use of a liquid counter. The iron from the urine was therefore 


ed. 
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Plating Technique-—The plating technique used was essentially that 0 
Vosburgh, Flexner, and Cowie." 

Several of the first plates from urine and teces specimens were found to be 
covered with a laver of insoluble phosphates. The iron from these specimen 


was therefore precipitated with cupferron before the plating was carried out 





Measurement of Plated Samples: Standards.—The copper dises onto whie! 
the iron was plated were counted I means of a Vietoreen end window counte 
(window thickness 3.4 me. per square centimeter). It was not known ho 


efficient the counting svstem was for radiations from Fe°" or from Fe’, nor wer 





CURVE FOR PLATED STANDARDS 
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OECAY OF PLATED STANDARDS. 








Fig. 2 Curve showing decay of plated standards 


the absolute initial activities of these two iron Isotopes considered to be su 

ficiently well known to be able to interpret the counts on plated samples in ternis 
of disintegration rate. A measured aliquot, viz. 1/6,000 of the dose given to the 
patient, was therefore plated onto each of four copper dises, and these four 
standards were used as a basis of comparison. Fig. 2 shows the decay in these 
standards over eight months. It ean be seen that the decay rate is much less 
than for iron®® (47-day half life). A considerable and proportionately 1 

creasing number of counts appears to be due to the presence of iron.’ All 


platings were therefore corrected in terms of counts made on the standards on 


the same day, and all results are given in terms of the total amount of radioir 








viven to the patient (or the control 
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Control— One healthy, normal control was used. Ile was given the same 
ume of radioiron solution as the patient. Measurements were carried out on 
the control similar to those made on the patient. After two days the control 
appeared to have eliminated practically all the radioiron given and no sign of 
radiolron was found in an of the in vivo measurements except for a very low 


net count over the liver. 











\] 
1] 
| 
@o. 
Fig. 3 Sites over which in vivo and cadaver measurements were taken 
Cadaver.—l1 was soon established that the highest activity was concentrated 
the liver of the patient. At the same time, when the Geiger-Miller counter 


vas placed over other organs, counts considerably above background were ob- 
ned. The conditions where radioactive material is spread through a large 
van of the body are not easy to imitate in vitro, and it was difficult to say 
womuch of the count found over other organs was due to seatter from the 
lioiron in the liver. A model liver was therefore made up of **printer’s roller 
position’? in which about 7 we of radioiron had been dispersed. A cadaver 
chosen of about the same physical dimensions as the patient. The model 
‘owas larger than that removed from the cadaver and when it was put into 
sition it approximated fairly well the physical conditions of the patient, whose 


2 ») 


r was enlarged. Counts were made over various sites as indieated in Fie. 3. 


RESULTS 

(a) Ewereta.—See Tables I and IT. 
The errors in determining the amounts of radioiron in the feces are prob 
large (+30 per cent) as small aliquots had to be taken, and with the erude 
‘Ing methods at our disposal we were not able to attain satisfactory homo- 


elty, 
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FRACTION OF ADMINISTERED DOSE IN TOTAL URINI 


PATIENT CONTRO! 

DAYS AFTER ADMINISTRATION FRACTION, 10- FRACTION, 

Ist 24 hr. 317 16.1 

2nd 24 hr. 28 3.95 

3rd 24 hr. 12.: 

4th 24 hr. l 

Sth 24 hr. 

6th 24 hr. 

7th 24 hr. 

8th 24 hr. 


& 
t. 


{ 


t 


Not measur: 


“ABLE IT. FRACTION OF ADMINISTERED DOSE IN TOTAL FECES 


METHOD OF STOO! METHOD OF 


STOOL PASSED MEASUREMENT PASSED MEASUREMENT FRACTION 


?0 hr. after ad Liquid B Ist day Liquid 0.012 


ministration eounter 
} days Plating 


5 davs Plating 0063 


6 days Plating 
Total: About 38% 


(b) Blood. 

(1) Patient: The results are best presented graphically (Fig. 4). T! 
percentage uptake in the total blood is caleulated on the assumption that the 
total blood volume was 4,500 milliliters. More accurate figures are not availabl 

A logarithmic time seale is used in order to bring out the initial peak whic! 
occurred at about three hours after the administration of the iron. It is pre 
sumed that this peak represents the initial uptake of iron in the plasma. Th 
drop in radioiron in the blood and subsequent rise shows how the iron was 1 
moved from the plasma, stored, and gradually built into the hemoglobin unti 
after three months something of the order of 4 per cent of the total administered 
iron was found in the red blood cells. In the sample taken on the sixth da 
(10 e.c.) the cells were centrifuged off, and all the radioiron was found to be 
the cells—there was none in the plasma. 

(i1) Control: No measurable amount of radioiron was found in any of 1 
blood specimens taken until the third day. On the third and fourth days aft 
measurement something of the order of O.1 per cent of the administered dos 
per 4,500 ml. of blood was found. This was barely measureable (1/1,500 of 0.1 
per cent in 3 ml. blood). No subsequent blood specimens were taken. 

(@ Laver Biopsy. The biopsy Was performed on Patient I). M. three da 
after the administration of radioiron. Total dry weight of material receiy 
3 milligrams. The sample when plated gave a net count of 11 epm, 
standards on the same day counting 1,160 epm. Thus 5.2 « 10 of the to 
dose was found in the liver, per gram of dry weight, or about 1.0 x 10° of t 


total dose per gram of fresh weight. It is of interest to compare this with 
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result of the assay on the liver made after postmortem (see section e), when 
the count was 1,830 epm per gram dry weight, the standards giving at that 
ime a count of 543 epm. The fraction of total dose per gram dry weight of 
tissue was therefore 5.3 « 10-4. In view of the large probable error involved 
oth in weighing and in working with only 3 mg. of material, the agreement is 
satisfactory—but the accuracy of the measurements is not sufficient to warrant 
any inference being drawn as to increase or decrease with time of the amount 
of radioiron in the liver. The in vivo measurements do in faet point to a 


sheht decrease. 


f 
d 
9 
3 
Z 
: 
ri 
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° 
7 
wT 


Uptake of radioiron in the blood of hemochromatosis patie 


Unfortunately, with no knowledge of the total liver weight it is not pos- 
le to say what total amount of radioiron was stored in the liver. If one 
id assume the liver to have been of normal weight, viz. about 1.6 kilograms, 

could say that some 15 to 20 per cent of the administered dose had been 
red in the liver. It is known that the patient’s liver was in faet con- 
erably enlarged: the percentage of administered radioiron stored in the 

r might therefore easily have been as high as 50 per cent. 

d) In Vivo Measurements——Many measurements were made on_ both 
ent and control over a total of twelve sites on the body. Two exemplary 
ves are given (Fig. 5), the time scale again being logarithmic. The readings 
e been corrected for the deeay of Fe°’ (47-day half life). The sites used in 

) correspond to sites 7 and 2 in Fig. 3. It ean be seen that the storage of 


oiron in the liver commeneed very soon after the iron was given, and that 
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there was some decrease over the period 5 days to 125 days. The high counts 
over the heart over the first two days can probably he attributed to the 
presence of radioiron in the gastrointestinal tract. In the period 5 to 125 
days there appears to have been some increase in the amount of radioiron 


present in the heart. 


. 


™ 4 & " 
- aap meng nn pomp 


a, fen ene ORES LIVER PATIENT ‘OC HEART PATIENT, ¥. 
LIVER CONTROL. —4-HEART CONTROL. 





COUNTS PER MINUTE 
nN ta 











1 
0.! O02 os 10 29 5.0 1o 20 5O 1oO 200 
DAYS > 
Fig. 5.—Counts per minute over mid-heart and mid-liver Patient and contro 


The control showed no count over any site, after elimination of a lare 
fraction of the radioiron, except for a very low count over the liver. 

The patient died suddenly on Aug. 8, 1949.) Unfortunately the postmorte 
was carried out by an operator who was not aware of the special interest of th 
case. The weights of organs were not ascertained nor was it possible later t 
obtain certain organs for assay of radioiron. In view of the interest in the 
extent of iron deposition in the heart in hemochromatosis it was most um 
fortunate that we were not able to examine this organ for radioiron, Sue 
organs as were recoverable were assaved. Some organs were assaved fo 
total iron and eopper. . 

(e) Measurements on Organs Obtained From Postmortem——sSee Table I 

({) Measurements on Cadaver.—Table IV shows the counts for both t! 
patient and the cadaver over various sites, given as fractions of the count ov 
Site 1, the site of maximum counting rate. The counts were taken on tl 


patient six days after the administration of the radioiron, 
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STUDIES 


TABLE ITI] 


FRACTION OF DOSE 


PER GM. DRY WT. | % IRON (STABLE) 
TISSI CPM/GM. DRY WT. <10-4 FOUND IN ORGAN 
Liver LS30 5 Sa 0.726 
Pancreatic Ivmph glands S60) 2 64 0.371 
Kidney 720) 24 
Mesenterie Ivmph glands 166 1.43 0.080 
Pancreas 162 0.496 0.313 
Spleen 118 (0.362 
Duodenum S] O.P49 0.0767 
Pylorie end of stomach 1] 0.126 
Mass of mesentery Iviph glands 17 0.0352 
TABLE I\ 
CADAVER PATIENT 
I RATIO, CPM/CPM OVER SITE 1] RATIO, CPM/CPM OVER SITE 1 
4 0.92 0.96 
0.19 0.24 
| 0.53 0.45 
4 O19 0.5] 
6 () 0.02 


DISCUSSION 


The feature of this study was the large percentage of 34 me. radioiron taken 


ip by the patient and retained in the body. Although Hahn> has shown that 


only a small percentage uptake can normally be expected in these circumstances, 


14 per cent of the administered dose was circulating in the blood after six days 


and this figure gradually rose to a maximum of 4+ per cent after 100 days. In 


addition, a large proportion of the radioiron was deposited in the liver. On 


excretion figures the patient retained more than five times as much as the con- 
trol, but the in vivo measurements indicate that the true ratio was far greater 


In contradistinetion to the control, practically no radioion was 


an this 
olded 1\ the patient after the first twenty, four hours. 

Our results for absorption as well as utilization of iron in hemochromatosis 

re in striking contrast with those of Balfour and co-workers’ who ted 60 mg. 
labelled iron to a 49-vear-old hemochromatotic patient. The highest amount 
circulating radioiron up to six days was found to be 0.012 per cent of the 
Ininistered dose as against 14 per cent in our patient. No measurements 
her than blood uptake were made by these authors. The fact that our 
tient died from hemochromatosis at the early age of 21 years suggests that 
e disorder in iron metabolism was much more severe in his case. 

Minch and associates,” who studied the utilization of infravenous vadioiron, 
ind that in three hemochromatosis cases the iron utilization in the blood was 
rressed considerably below normal, viz. between 10 and 20 per cent utiliza- 
nh after sixteen days, as against roughly 70 per cent for normal subjects. 

figure obtained in the present study of 4 per cent utilization after 100 
s must, however, be regarded as greater than normal, if we compare it with 

the very low utilization of the control, (b) the utilization by a normal 


ject in the study of Balfour and co-workers,' and (¢) the results of Darby 
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and co-workers* who fed 2 to 3 mg. of labelled iron to children between the 
ages of 7 and 9 and found a mean uptake of 15.5 per cent after ten to fifteen 
days. A percentage uptake of only one-tenth this figure, or less, could 
legitimately be expected from the feeding of fifteen times as much iron to a 
normal adult. 

The uptake of iron in the liver was very marked: at least 15 per cent 
and possibly more than 30 per cent of the administered radioiron was found 
there after five months. Accepting the conditions after six days as stable, we 
see from the in vivo measurements that the storage of iron in the liver at that 
time may have been as high as 60 per cent. 

Measurements over the heart were almost three times as high as could be 
expected if the counts were due to seattered radiation from the iron in the 
liver. It is evident that in this case significant deposition took place in the 
heart after a relatively short time. Records of twenty-two eases of hemo 
chromatosis, showing myocardial failure, revealed deposits of iron in the heart 
muscle in all but one case (Bothwell and associates’). However there was no 
correlation between the amount of iron deposition and the degree of myo 
cardial failure. 

Sheldon in his monograph eoneluded that if there is increased iron 
absorption in hemochromatosis, then it must be very slight and be associated 
with the slow accumulation of iron in the body over many years. Hf very 
high intestinal absorption ean occur in the disease. as is sugvested I oul 


results, then it becomes important to study further the faetors which may 


modify such absorption. Inereased iron absorption has already been pro 
duced in cats after ligation of the panereatie ducts! 1 and in rats fed on at 
iron-supplemented corn-grit diet.” This increased absorption ean be partially 


prevented in the cats by the addition of Haliverol to the diet.’? and in the rats 
by the addition of phosphate.” The Gillmans® * have shown heavy aceumul: 
tions of iron in the livers of many Bantu pellagrins, with microscopic features 


in the later Stages, indistineuishable from hemochromatosis The deficient 





Bantu diet of maize meal porridge may contain 100 te 150 me. iron per day 
the iron being derived from cooking pots. 

The reason for the increased iron absorption in hemochromatosis ism 
clear. The experimental evidence suggests that pancreatic damage may be a 
initiating factor. It is a matter for conjecture whether the addition of eithe 
Haliverol or phosphate to hemochromatotic patients’ diets may help to arres 
the course of the disease. Such a possibility invites studies with tracer doss 
of radioiron, 


SUMAIARY 


Radioactive iron studies have shown that of 34 me. (total) of iron take 





orally in one dose by a hemochromatotie patient, with myocardial failure, sexu 
hypoplasia, and hepatic enlargement, about 60 per cent was retained. Most « 
it was stored in the liver; some was deposited in the heart and varying amoun 


were found to be present in all the organs examined after postmortem. The u 
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take of radioiron in the blood could be clearly followed. The maximum uptake 
was about three months after the dose was administered and was about 4 per 


eent. 


We wish to acknowledge our indebtedness to Professor G. A. Elliott, under whose 
ire the patient was, for permission to publish this case and for his unfailing help and 
ncouragement in the preparation of this paper. It has also been our privilege to discuss 
any aspects of the case with Drs. J. and IT. Gillman whose researches have helped to throw 
ew light on a very obscure condition. 

Thanks are also due Drs. B. van Lingen, I. Welsh, and B. C. Eliis for their helpful 
operation, and Mr. G. Millner, Miss M. L., du Preez, Mr. L. P. de Valence, and Miss I. D. 


Reeler for many measurements. 
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URINARY EXCRETION OF GALLIUM BY MAN AND ANIMALS 


J. I. Munn, B.S., N. H. Waters, ano H. C. DupbLey, Pu.D.* 
BETHESDA, Mp. 


INTRODUCTION 


|‘ PREVIOUS studies it was demonstrated that parenterally admiuinistere: 
gallium was rapidly deposited in osseous structures.’)* It thus appeared 
that the element might prove useful in the study of bone metabolism. Studies 
with the radioactive isotope (Ga‘?) both in the laboratory® * and clinically 
indicate the radioactive isotopes of gallium are of particular interest. Sine 
urinary excretion was shown to be the chief means of clearance of this el 
ment,’ more detailed studies of this phase of the metabolism of gallium were 
indicated, 

The present report deals with (a) a chemical method for the determinatior 
of gallium in urine, (b) a study of the influence of dose and route of injectior 
on the urinary excretion of gallium by the rabbit and the dog, and (e) a study 
of the gallium exeretion and blood levels of patients receiving single doses o 
gallium citrate intravenously. The gallium was the carrier which accompanied 


(ia‘* used in the study of persons havine neoplastic lesions involving bone 


METHODS 


The chemical procedure for the determination of gallium in urine is based on tl 


finding that gallium may be quantitatively extracted from 6N HCL solutions by dieths 


ether.s After separation of the gallium, it is converted to a S-hyvdroxvquinoline comple 
in chlorotorm solution, In the range ot O.05 to 1.5 me... the vellow color of the 
plex is measured in a photocolorimeter. In the range ot 1 to 10 we the fluorescence pl 
duced by ultraviolet light is used to estimate the gallium content of unknowns. 

{fnaluytic Procedure. To 20 ©¢.e. of freshly voided urine are added 10 drops of co 
ceentrated (38 per cent HCl to dissolve all precipitates, Add 4 ¢.c. of 40 per cent | 
droxvlamine hydrochloride solution and 1 ¢.c. of 10 per cent sodium acetate solution. Le 
stand in a stoppered container for at least ten minutes. Add 20 ¢.c, of concentrated H' 


‘ool, and extract 10 ¢.c. of this mixture twice with 10 e.c, portions of a ‘idified ethyl ethe 


The ether should have been previously shaken with twice its volume of 6N HC. 


The ether extracts are combined and extracted twice with 10 ¢.c. portions of 
tilled water. The gallium chloride passes into the aqueous laver., 
To the aqueous gallium solution, add YP ¢.e. of 40 per cent hvdroxvlamine hvdrochlori 
{ ~ | ; : 
and 1 ¢.c. of 10 per cent sodium acetate solution, Adjust the pH of this mixture to 2 


to 2.8. The control of the pH at this point is of greatest importance to insure specificit 
Add 2 ¢.¢. of 5 per cent S-hydroxyquinoline sulfate (previously adjusted to pH 2.6 
Extract the hvdroxyquinoline complex with two 5 ¢.c. portions of redistilled chlo 
form. Adjust the final volume to 10 ¢.c. with a small amount of chloroform; cover wi 
about 0.5 c.c. of the water phase, Let stand for at least fifteen minutes and compare W 
standards. In the range 0.05 to 1.0 mg., the vellow color is a measure of the gallium 
the chloroform solution. In the range 2 to 10 wg, fluorescence may be used to estimat: 


the gallium content in a suitable photofluorometer having an ultraviolet source. 


From the Naval Medical Research Institute, Division of Biochemistry. 

The opinions or conclusions contained in this report are those of the authors. They 
not to be construed as necessarily reflecting the views or endorsement of the Navy Departme 

Received for publication, Nov. 11, 1950. 
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Radiochemical and gamma counting technique have been given previously.4 
Intravenous injection of gallium citrate and Ga‘? citrate was made by methods 
iescribed previously,.4, 5 
Notes on Analytic Procedure. 
(a) Prepare hydroxyquinoline and hydroxylamine solutions fresh weekly and store 
der refrigeration. 
(b) In the colorimetric procedure recovery at 0.005 mg. is 70 per cent of the added 


vallium., In the range 0.01 to 1.0 mg., recovery is 96 to 98 per cent of added Ga. Using 


t | 


ie fluorometric technique, at 1 to 2 we gallium recovery is SO per cent of added standard 


nounts, while in the range of 3 to 10 we recovery is essentially quantitative. 
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Ihe specificity of this method depends on the reduction of iron by hydroxylamine 
the presence of sodium acetate. In the ferrous state iron is not extracted by ether 
m 6N HCl. Such iron as may normally be carried into the final 8-hydroxyquinoline 
ition will offer no difficulties at a pH of 2.5 to 2.8. Dark color in the chloroform solu 

indicates the presence of excessive amounts of iron and a probable pH of 3 or more 
the final extraction procedure. Low values in the fluorescent range will be obtained 
the final chloroform extraction is at pH less than 2.5. Indium may interfere but has 
been found in the urine samples studied. No normal constituents of animal or human 
e have been noted in routine sampling which give fluorescence under the conditions 
this procedure. High blanks can be expected if the conditions are not controlled, and 
ticularly if the S-hydroxyquinoline solution is not prepared weekly. 

(c) Prepare standards of 5 gamma and 0.5 mg. content and carry through the entire 
raction procedure. Use these solutions as reference standards since this method will 
rect for unavoidable losses through extraction and will quickly indicate spurious 


ilts due to contamination of reagents. 
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(d) In Fig. 1 are shown the color characteristies of the 8-hydroxyquinoline-gallium 
complex in chloroform, and the light transmission of the filter used. The fluorescence 
produced by ultraviolet light is a continuum in the yellow-green range. Filters available 
with most photofluorometers are satisfactory for this emission. 

(e) In Fig. 2 are shown the curves indicating the range in which the light trans 
mission Or emission is a straight-line function of the concentration of gallium quinolate 
in 10 ¢.c. of chloroform. 

(f) The final chloroform extracts if covered with a small amount of the aqueous 
phase (reducing atmosphere) are stable for twenty-four hours or longer if stored at 


5 to 16 ies 
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RESULTS 


In Table | are shown the results of a study of the influence of the rout 
of parenteral administration (intravenous or subcutaneous) on the urinary 
excretion of gallium by the rabbit. Also shown are the results of varying thi 
dosage by subcutaneous injection. These results indicate that at a moderate 
(nontoxic) dose of gallium citrate, the rabbit retained a significantly greate: 
amount of gallium if it was administered intravenously. When the sul 
cutaneous dose was varied, it was found that the higher dose promoted 


greater retention of gallium. At 45 mg. Ga per kilogram, the absolute amoun 
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TABLE I. URINARY EXCRETION OF GALLIUM BY THE RABBIT 


MG. GA | % GA 

INJECTED MG. GA EXCRETED IN: EXCRETED 

rEST AS CITRATE 0-24 HR. 24-48 HR. 48-72 HR. 72-96 HR. IN 48 HR. 

Dosage: 5 mg. Ga/kg. subcutaneously* 
1 11.6 9.3 0.8 0.01 0.02 87.0 
2 11.0 5.6 0.6 0.02 0.04 56.4 
o 9 2 20 0.2 0.03 0.17 94.0 
j 11.6 6.6 0.3 0.08 N.D. 59.4 
5 10.2 9.0 0.7 0.05 0.08 95,1 
6 11.0 9.3 0.3 0.0] 0.04 Q4,] 
Dosage; 5 mg. Ga/ka. intravenously 
7 13.0 1.4 0.4 0.08 13.8 
& 10.8 0.6 0.1 0.04 6.5 
q 14.0 0.3 0.2 0.19 5.6 
10 11.6 Loo 0.3 0.12 13.8 
11 2 8 1.3 0.3 0.64 12.5 
12 8.0) ee 0.1 0.07 t7 
Dosage: 45 ma. Ga/ka. subcutaneously 

13 126 19.9 3.0 (ps 12 18.0 
14 108 Das 11.7 0.4 1.3 Ha 
15 126 29.5 6.5 N.D. Died 28.6 
16 68 Zi. = rs Died bs 5 | 
17 126 18.8 19.4 3.0 L.3 30.3 
18 104 oie 23 0.4 0.8 Ae 


*This dosage produces no significant effects or changes in the urine. 


‘This dosage is the LDso, and produces within twenty-four hours marked changes in 
iney function. Albuminuria and glucosuria are common. 


milligrams of Ga) retained approximated twenty times that retained at a 
dose level of 5 me. Ga per kilogram (average of 6 

In Table Il are shown the results of a study of the influence of route of 
administration and dosage on the urinary exeretion of gallium by the dog 
nine animals). The results indicate that intravenous injection of gallium 
citrate also induced greater retention. The influence of dosage is not so clear 
n the case of the dogs as in the case of the rabbits, probably because the two 


lose levels were close together (1 and 5 mg. per kilogram 


TABLE II. URINARY EXCRETION OF GALLIUM BY THE DOG 





G% GA 
MG. GA MG. GA EXCRETED IN: EXCRETED 
TEST INJECTED 0-24 HR. 24-48 HR. 18-72 HR. IN 48 HR. 
Dosage : § ma. Ga/k dq. sube utaneously 
l 50 35.6 None 4.0 i ih Pr 
exereted 
vd 16 36.4 1.9 0.9 90.0 
o 64 27.4 10.8 ba 59.7 
Dosage: 5 mg. Ga/kq. intravenously t 
t a9 16.2 15 a5 30.0 
5 65 8.3 L2 ee 14.6 
6 60 la-8 0.8 2 6 94.3 


Dosage: 1.0 ma. Ga/kaq. intravenously 
7 11 None 5 0.1 28.1] 
excreted 


S l 
] 


1.6 0.1 19,1 
9 D 


4, 
4.5 0.S 0.1 14.1 


» 


Gallium administered as the citrate, in solution containing 20 mg. Ga per cubic centi- 
ter at pH 6.5. 
+The LDso for the dog is 10 to 15 mg. Ga per kilogram. The dose of 5 mg. Ga_ per 
gram produces minimal kidney changes which are often accompanied by albuminuria. 
if } 
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TABLE III, URINARY EXCRETION OF GALLIUM BY MAN 


DOSAGE (INTRAVENOUS Oo GA EXCRETED 
NUMBER OF MEN MG. OF GA IN 24 HR. 
g 6 ee | t-45 
7 6.0-9.0 16-33 
6 60-71 ATEN Yi 


\° 


In Table LIL are shown the results of studies of the urinary exeretion of 


{ 


vallium by patients (male and female) receiving intravenously doses of 
gallium citrate ranging from 3.8 to 71 mg. Ga. These were persons who had 
neoplastic conditions involving bone and received Ga™ citrate intravenously. 
These patients received the indicated quantities of carrier gallium, and the 


urine examinations reported in Table II} were carried out by the chemical 


technique already described. These preliminary results indicate that the 
urinary excretion of gallium following intravenous administration of the eit 
rate varies widely. These figures must he considered to be p ‘eliminars SINCE 


it appears that the degree of pathologie bone involvement may influence the 








amount of Ga retained, Additional studies of these relationships are undet 
Way. 
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Studies of Radiogallium Evecretion-In Fig. 3 are shown typical results 
of studies on the urinary rate of excretion of Ga*? by the dog, following intra 
venous injection of gallium citrate (total, four dogs studied). These findines 
indicate early excretion, followed by negligible amounts. These findings ar 
explained by the rapidly decreasing blood concentration of gallium (Ga' 
(Fig. 4) which reaches a low, relatively constant value within six hours afte 
intravenous injection. The findings of the dog studies were essentially dupli 


cated in the study of four patients receiving various doses of Ga*, 
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lig. 5 shows typical excretion curves, resulting trom the study of a cathe- 
terized patient at two dosage levels, indicating marked early urinary excre- 
tion with decreasing amounts to twenty-four hours after injection. These 


findings are explained by the rapid fall in the Ga** blood concentrations fol- 





lowing intravenous injection (Fig. 6). From these results it appears that 
after four hours the blood-gallium level has reached an essentially constant 
value. 
2170 
wi 
i000} f 
4 Urinary excretion of 
72 by moar 
Ga’? content of 
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DISCUSSION 
Laboratory findines indicated, in the case of rabbits and does. that 
rinary exeretion is the chief means of clearance by these species. (Feces 


fa urine Ga long to Usg.) On the basis of these earlier findings, it was 
postulated that a study of the urinary exeretion of gallium might prove a 
seful adjunct in the diagnostie studies utilizing radiogallium (Qa). How- 
ver, the diuretic effect of intravenous citrate, differences in threshold of the 
idneys, as well as conditions of polyuria may all contribute to a greater uri- 
ary clearance of gallium. These variables must be considered when evaluat- 
iv the results of gallium excretion studies. 

No explanation can now be offered for the increased retention of gallium 
lowing intravenous administration of gallium citrate. It would first appear 


at this would result from greater retention by the skeletal structure. Other 






































682 MUNN, WALTERS, AND DUDLEY 


work in progress indicates that the uptake in bone is a function of the dose 
but not the route of administration. Thus it appears that intravenous injection 
of gallium induces greater retention by deposition in the soft tissues. The 
rapid disappearance of Ga citrate from the blood stream indicates that this 
compound may be a colloid, and the disappearance resulted from phago- 
eytic action. To determine if gallium citrate (at pH 7.4) was a maero mole- 
cule, or colloidal in nature, solutions of the compound were placed in cello- 
phane bags, with and without the presence of horse serum. In all cases the 
gallium rapidly dialized through the cellophane. Thus it appears that gallium 
is in a true solution. Slight ionization of the gallium citrate is indicated, since 
the usual gallium salts |Ga(NO,),, Ga Cl] produce a curdlike precipitate with 
proteins. 


SUMMARY AND CONCLUSIONS 


A method is described for the separation of gallium from urine by ether 
extraction of 6N HCl solution. Colorimetrie or fluorometric estimation of 
8-hydroxyquinoline-gallium complex in chloroform is the basis for quantita 
tive determination. 

In the rabbit and dog, intravenous injection promotes greater retention 
of parenterally administered gallium citrate, with lessened urinary excretion. 

The twenty-four hour urinary excretion of gallium by twenty-two patients 
varied widely. 

Studies of the rate of urinary excretion of Ga‘? in man and dog indicate 
that in both the initial excretion rate is high and reaches a low level in less 
than eighteen hours. Blood gallium levels fall rapidly after intravenous in- 
jection and approach low constant values within six hours. 


The authors wish to acknowledge the support and assistance of Commander W. ©. 
Mulry, (MC), USN, and his permission to use the clinical data referred to in this paper. 
Through the interest and suggestions of Marshall Brucer, M.D., and H. B. Bruner, M.D., 
of the Oak Ridge Institute of Nuclear Studies, the studies of the intravenous adminis 


tration of gallium citrate were made possible. 
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FURTHER STUDIES ON RECOVERY FROM RADIATION INJURY 
li. O. JacoBson, M.D., E. L. SrmmMons, Pu.D., E. K. Marks, E. O. Gaston, B.S., 
M. J. Rosson, B.S., aNp JJ. H. ELprRepGr, B.S. 

CuHicaco, ILL. 


INTRODUCTION 


i HAS been reported by Jacobson and associates that the LD., of whole 
body x-irradiation for intact young adult mice is cirea 550 ry and that only 
rarely will a mouse survive a dose above 800 r, whereas 40 per cent survive a 
dose of 1,025 r if the spleen is mobilized surgically and lead shielded during 
the exposure.’ These reported mortality data represent the early experience 
with this technique; the more recent data are shown in Table I.. These latter 
data indicate that with added experience with this technique fewer animals 
succumb and cirea 77.7 per cent of mice exposed to 1,025 r (with spleen 
shielding) survive compared to cirea 40 per cent survival in the early experi- 
ments; in faet, 55 per cent of spleen-shielded mice survive 1,100 r. 
It was also reported that, in contrast to the same exposure without spleen 
shielding, no anemia and only a transient leucopenia and thromboeytopenia 
appeared in mice exposed to 1,025 r with spleen shielding.” This result was 
attributed to the fact that ectopie blood formation was intensified in the lead- 
shielded spleen within forty-eight hours after exposure, and recovery of the 
hone marrow, lymph nodes, and thymus occurred by eight days. In the an- 
imals without lead shielding of the spleen, no recovery of hematopoietic tissue 
or ‘spotty’? foei of recovery only was apparent before death of the animals. 
No studies have been done yet to determine whether or not a hastening of 
hematopoietic recovery also occurs in mice exposed to doses of 1,500 r, 1,500 
ror more, This information would be important to the radiation problem 
since it would indieate whether hematopoietic recovery is independent of sur- 
vival after exposure to these dosages. Survival roughly parallels hemato- 
poietic recovery with dosages up to 1,025 roentgens. It will be of significance 
to establish whether hematopoietic destruction is irreversible or still reversible 
at dosages of 1.300 r. 1.500 r, 2.000 r,. or more, since in the case of accidental 
exposure to penetrating radiations or radiologic warfare the dose sustained 
nay or may not be uniform over the entire body and the ability of surviving 
hematopoietic tissue to enhance recovery of destroyed tissue or of artificial 
stimulation (i.e., injeetion of theoretically potent extracts of hematopoietic 
issue) to enhance or produce recovery of hematopoietic tissue will or may de- 
end thereon. 
The factor® responsible for the rapid recovery of hematopoietie tissue and 
educed mortality in the spleen-shielded mice appears to be emanating from 
From the Division of Biological and Medical Research, Argonne National Laboratory, the 
epartment of Medicine, the Institute of Radiology and Biophysics, and the College of The 
niversity of Chicago. 
This investigation was supported (in part) by a reseorch srant from the National Cancer 


nstitute, U. S. Public Health Service. by a grant from the Armour Laboratories, and by an 
nerican Cancer Society Institutional Grant. 


Received for publication, Dee. 15, 1950. 
*It is obvious that several factors may be involved, but for convenience of expression the 
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TABLE I. SwuRVIVAL OF Mick Exposed TO VARIOUS DOSAGES OF X-RADIATION WITH AND WITH 
ouT SHIELDING OF SURGICALLY EXTERIORIZED SPLEEN* 





WITH LEAD SHIELD NUMBER OF MICH NUMBER OF 2S-DA\ 
ING OF SPLEEN DOSAGE IN R USED SURVIVORS SUI ALIN % 
Yes 1,025 ae L105 Viet 
No 1,025 Zio 5 ee 
Yes 1,100 HZ ae 54.7 
No 1,100 12 0) () 
Yes 1,200 3D 5 14.3 
No 1.200 6 () 0) 
Yes 1,300 i4 a a 
Yes 1.3004 "6 7 "689 
No 1,300 22 () 
Yes 1,600 16 () 
No 1,600 
Includes only data of past seven montt Survivor n ide t nit ' e throug! 
twenty-eight days after irradiation 
‘Technique differed in that small artery at distal tip of spleer not severed and tl 
no infarct occurred in spleen 
the shielded spleen. From the experiments already briefly described, the 


} 
| } | 


faetor might be either cellular or humoral since the circulation of the shielded 
spleen remains intact and since the shielded spleen so quickly becomes the 
site of intense ectopic blood formation involving all normal cell Types. This 
phenomenon of hastened hematopoietie recovery in spleen shielded animals is 

] 


+ 


not specific to the mouse. Lead shielding of the spleen of rats, guinea pigs, 
and rabbits during exposure to dosages ot x radiation at or above the LD 
Was followed by a more rapid recovers of hematopoietic tissue than in animals 


exposed without spleen shielding.*|* It was found, further, that the phe 


nomenon was not specifically dependent On) splee NH shielding since lead shiel« 
ing of the appendix of rabbits was also followed by a hastening of hematopoi 


f 


etie recovery.” Ectopic blood formation occurs rapidly and intensively in 


the lead-shielded spleen of mice, rats. and guinea pigs, but only a modest 
increase in ectopic blood formation oceurs in the lead-shielded spleen of rab 
hits. The lead-shielded appendices of rabbits exposed to dosages of SOO Yr on 
1,000 r whole body x-radiation develop no eetopie blood formation yet re 
covery of the destroved hematopoietic tissue occurs more rapidly than wi 
animals without appendix shielding. * Thus, the development of majo! 


sites of ectopic blood formation is not essential and probably Is not the de 


eiding factor in the recovery ot the hematopoietic tissue or indeed the 
survival of the spleen- or appendix-shielded animals. The spleens or the ap 
pendices which when shielded produce the factor have Iymphoeytes and a 
rich reticular network in common. A number of experiments have been per 
formed to eliminate the migration of a single or several cell types (seeding 
or colonization) from the lead-shielded tissue as a faetor in enhancing 1 
eovery of the hematopoietic tissue destroved hy irradiation. These and othe: 


experiments are deseribed briefly below. The techniques have heen deseribec 


in detail previously." * Since a rather large number of related pilot o 
preliminary experiments are being presented in this communication, the tee] 
nique peculiar to the individual experiment as well as the results and discus 


sion will be presented with each experiment in order to maintain continuity. 


























FURTHER STUDIES ON RECOVERY FROM RADIATION INJURY 685 


GENERAL METHODS 


The mice used in this study were all CF-1* females and were 10 to 12 weeks of age 
when the experiments were initiated. The mice were kept in the animal farm in a con 
stant-temperature room (74° F.) for four to six weeks before use and were maintained on 
a diet consisting of Derwoodt and water ad libitum before and after the experimental 


procedures deseribed below, 


Dosimetry.—The x-rays administered in these experiments were generated in a 250 

machine operating at 15 milliamperes. A 0.25 mm. copper filter was used. The half 

alue laver in copper of the filtered beam using 240 kv. was 1.0 millimeter. The ex- 
] 


posures were measured with a Victoreen condenser meter equipped with a 250 r chamber. 


Measurements were made in air at the position occupied ly the center of the animal’s 


hodyv. The dose rate averaged 70 r per minute at 55 centimeters. 


Groups of mice were exposed to single dosages of 1,025 r, 1,100 r, 1,200 r, 1,800 r, and 
1,600 r total body x-radiation with or without lead shielding of the surgically exteriorized 
ver, intestine, or kidney, Still other groups were exposed to 1,025 r and the head, entire 
or part of the hind limb was lead shielded during exposure. All mice irradiated 

operated or both were anesthetized with Nembutal (0.072 mg. per gram mouse) given 
ntraperitoneally In animals involved in surgical exteriorization procedures, the ab 
lomen was shaved, an incision was made in the appropriate quadrant of the abdomen, and 


issue to be lead shielded or sham shielded was brought out through the in 


‘ scera 
sion, n the spleen-shielding experiments the main pedicle of the spleen was left intact, 
it to facilitate the exteriorization a small vessel at the distal end of the spleen was cut 
it not tied. Severing this vessel regularly produced an infarct in the tip of the spleen 

ximal to the vess The infaret varied in size usually involving up to one-fourth of 
the distal tip. In an occasional animal the entire spleen was found to be infareted in 
nals sacrifies for histologie study 


During the period in which the exteriorized tissues were outside the peritoneal cavity, 


hey were kept moist with physiologic saline, After the irradiation was completed the 
iscerul tissue is 1 ed to the abdominal cavity and the incision was sutured with silk. 
(comp ete reeovery from the anesthetic required from two to three hours. The mice were 
returned to the animal farm and deaths were recorded in twenty-four hour periods through 
venty-elght days 


Studv of hematopoietic recovery in the experiments described below was carried out 
separately from the survival studies and consisted of groups of animals sacrificed at inter 
als after irradiation or allowed to survive for hematologic determinations on the periph 


RESULTS AND DISCUSSION 


Npleen Implant Experiments.—As discussed in the introduetion, the spleen 
ind the appendix are rich in so-called reticuloendothelials tissue. An abun 
lance of free hematopoietic cells is available in the shielded spleen or ap- 
pendix for transport through the blood stream to the destroved hematopoietic 
tissue of the irradiated animal. Experiments were designed to minimize the 
ikelihood that sueh transport or colonization could yield foei from which re- 
‘constitution of destroved hematopoietic tissue might proceed, 

Mice were exposed to 1,025 r whole body x-radiation without spleen 
hielding. At the completion of radiation four spleens (approximate total 
veight 10 to 20 me.) freshly removed from 1- to 7-day-old mice were placed 


*‘CK-1 raised by Carworth Farms. Homozygous for the recessive genes aa bb ec. 

Manufactured by the Derwood Mill, Derwood, Md. Consists of skim milk, ground wheat, 
ist, corn oil, salt, iron citrate, shark liver oil, and Delsterol. 

This term is here used to designate all parts of the blood-forming tissue including cells 
hich are potential macrophages such as the Kupffer cells. 
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into the peritoneal cavity of each of the irradiated mice. The implanted 

spleens were not anchored within the recipient animal’s peritoneal cavity. As 

is shown in Table I], of thirty-two animals with spleen implantation sixteen 
TABLE II. SPLEEN IMPLANT EXPERIMENTS 


HEMATOPOI 


WHOLE BODY SPLEEN IMPLANTS AFTER NUMBER OF ETIC 
NUMBER OF DOSAGE IN IRRADIATION YS-DAY SURVIVAL IN| RECOVERY At 
MICE USED R (WITHIN 4 HOUR SURVIVORS a S DAYS 
42 1,025 No | »3 0 
oe 1,025 # spleens from 1 to S day 16 D0 Yes 


old) mice 
18 1.025 2 spleens from 4 to 5 wk. Ss 15 Not studied 


old mice 


24 1025 4 spleens from 1 to S day j 16.6 Not studied 
old mice implanted 2 days 
after irradiation 


or oO per cent survived the twenty-eight day period of observation. In ad- 
dition, an experiment was performed in which after exposure of 10- to 12- 
week-old mice to 1,025 r whole body x-radiation two fresh spleens (approx- 
imate weight 0.150 grams) from 4- to 5-week-old mice were dropped into the 
peritoneal cavity immediately after completion of irradiation. The survival 
of these mice was materially enhanced. Of eighteen mice thus irradiated 
and given two spleens, eight survived (45 per cent) (Table Il). All that ean 
he expected from the spleen implants during the first few days under these 
circumstances is a leaking out of ‘‘tissue juice’’—the free cells in the splenic 
implants soon become neerotie and histologie reconstitution of splenie tissue 
does not occur for six days or more if indeed a ‘‘take’’ oceurs at all. Takes 
or recognizable splenic implants were observed in mice beginning on the sixth 
or seventh day. In approximately 75 per cent of the animals surviving at 
thirty days, recognizable takes or splenic implants were seen. In the 25 per 
cent of survivors in which a splenic take was not demonstrated, the possibility 
exists that the juice from the spleen implants was sufficient to initiate re- 
covery or that temporary ‘‘takes’’ occurred. This interesting observation 
is being studied more thoroughly. In a few animals which failed to survive, 
gross evidence of ‘‘takes’’ were not apparent. It seems unlikely that enhanee- 
ment of survival under these circumstances is due solely to leaking out of juice 
already present in the donor spleen at the time of removal from the donor 
baby mouse. A ‘‘take’’ or successful implant necessarily indicates that some 
cells survive in the implant; that these cells migrate out and are disseminated 
to the marrow, lymph nodes, and thymus is possible but unlikely. The en 
hancement of survival may be related to the leaking out of a faetor present 
in the donor spleens when removed from the donor, or production of the facto! 
by surviving cells, or a combination of both. Histologie study of the hemato 
poietic tissues of mice exposed to 1,025 r without spleen shielding but wit! 
baby spleen implants indicates that not only is the mortality redueed bu 
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hematopoietic recovery is enhanced. Beginning recovery of the marrow and 
lyvmphatie tissue (lymph nodes) was evident as early as four days in some of the 
animals sacrificed at this interval. In animals sacrificed at six days the evi- 
dence of beginning recovery in the hematopoietie tissue was present in most 
animals, and in animals sacrificed at eight days recovery was nearly complete 
or well under way. These facts indicate again that these factors which in- 
fluence survival and hematopoietic recovery appear to be related at least at 
this dosage level. 

A number of experiments have been performed in which immediately after 
exposure of 10- to 12-week-old mice to 1,025 r whole body x-radiation, one 
spleen (weight cirea 0.1 gram) freshly removed from a nonirradiated adult 
mouse was dropped into the peritoneal cavities of the irradiated mice as de- 
seribed. Of twenty-four animals thus treated, one or 4.2 per cent survived 


Table IIL) 


TABLE IIT. SturvivaAn or Mice Exposep To 1,025 R WHOLE Bopy X-RADIATION WITH SPLEEN 
IMPLANTS FrRoM ADULT MICE AFTER IRRADIATION 

NUMBER WHOLE BODY | SPLEEN IMPLANTS NUMBER OF 

OF MICE DOSAGE IN WITHIN 10 MIN, 28-DAY SURVIVAL IN 
USED kK AFTER X-RAY SPLENECTOMY SURVIVORS co 
94 1,025 l adult No l 1.2 
30 1,025 1 adult* No (0) 0 
PS 1,025 1 adult spleen Yes, immediately 0 0 


after irradiation 


17 1,025 Original spleen re Yes, immediately 4 8.5 
turned immedi before irradiation 
ately after irradi 
ationt 


*Spleen used for implant was taken from animals two days after exposure to 1,025 r 
x-radiation with lead shielding of the surgically exteriorized spleen. 

‘Spleen which was removed immediately before whole body exposure of mouse was kept 
moist with warm saline during x-ray period and then returned to the peritoneal cavity. 


In another experiment spleens from adult mice (10 to 12 weeks of age) 
which had lead shielding of the spleen during whole body exposure to 1,025 
r were removed two days after the spleen-shielding procedure. Immediately 
after removal a single spleen was dropped into the peritoneal cavity of each 
adult mouse which had just completed exposure to 1,025 r without spleen 
shielding. Of thirty animals thus treated, none survived (Table III). 

Another experiment was performed which was identical to the one just 
deseribed except that at the time the donor spleen was dropped into the perito- 
neal cavity of the recipient, irradiated, non-spleen-shielded mouse, the spleen 
of the latter was surgically removed. Of twenty-eight animals thus treated, 
none survived. 

Forty-seven adult mice were splenectomized and the spleen was kept 
moist with physiologic saline during exposure of the spleneetomized mice to 
1,025 r whole body x-radiation. Immediately after completion of exposure 
the same spleen was dropped into the peritoneal cavity of the mouse from 


whieh it was originally removed. Four or 8.5 per cent of these mice survived 
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the twenty-eight day period of observation (Table Ill). Except for the latter 
experiment, which is questionably significant, adult spleen implants all have 
been ineffective in enhancing survival. Several factors may be involved and 
will only be mentioned. Perhaps the fact that this strain of mice is hetero- 
zygous influences the reaction of the recipient adult mouse to the transplanted 
adult spleen. If this were the only factor, however, one would expect that 
return of the spleen from the same mouse would be more effective, unless 
leaving the spleen out of the circulation for from twelve to fifteen minutes 
either destroyed or reduced the factor presumed to be in the spleen. We have 
not yet sacrificed animals in the adult spleen transplant experiment for gross 
or microscopic study and therefore do not know whether these implanted adult 
spleens actually vaseularize and again become functional spleens. Another 
possibility is that when adult spleens were used they were implanted intact 
without cutting the surface and this may have interfered either with early 
vascularization or escape of tissue Juice or both. In contrast to the adult spleen 
experiments, when baby spleens (from 1-day-old to 5-week-old mice) were im- 
planted, they were invariably partially torn or cut in the process of trans- 
plantation. We are currently doing spleen transplant experiments with highly 
inbred mice and are, in addition, deliberately making multiple incisions in 
the transplanted spleens or actually cutting the spleens in several pieces at 
the time of transplantation to facilitate escape of tissue Juices and vaseulariza- 
tion.* 

It is possible perhaps that the adult spleen is not as rich in the factor 
and must remain directly in the circulation during the early postirradiation 
period to provide a sufficient quantity of this factor to initiate the recovery 
process. Some observations made in the process of the various experiments 
may be of interest in this connection. As was mentioned in the section on 
General Methods, complete infarction of the spleen occasionally occurs in the 
shielding technique. It was found that in the mice exposed to 1,025 r with 
spleen shielding which were sacrificed for histologic study, a hastening of 
hematopoietic recovery was evident in the bone marrow and mesenteric lymph 
nodes by eight days even though the spleen Was obviously completely in 
fareted. 

Another observation which has bearing on this problem is the fact that, if 
the vessel at the distal tip of the spleen is not severed and thus no infaret 
occurs, the survival of mice exposed to 1,500 r whole body x-radiation is defi 
nitely higher than in mice in which this vessel is severed (Table I). Two 
spleens from mice 7 to 12 days old implanted into irradiated adult mice are 
not effective in enhancing survival and hastening hematopoietic recovery, 
whereas four spleens from mice 7 to 12 days of age are effective in enhancing 
survival of adult mice exposed to 1,025 r (Table IV). 

Liver-Shielding Experiments.—Additional experiments have been dom 


which indicate more conclusively that the factor involved is humoral rathe) 


*Since submission of this manuscript it has been found that incising the capsule of the 
adult spleen before implantation is effective. Circa 50 per cent of mice survive 1,025 r whol 
body x-radiation if a single adult spleen with an incised capsule is implanted immediatel 


after irradiation. 
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TABLE IV. SuRVIVAL OF MICE EXPOSED TO 1,025 R WHOLE Bopy X-RADIATION WITH TWo AND 
FourR SPLEEN IMPLANTS AFTER IRRADIATION 


| SPLEEN IM- 


NUMBER WHOLE PLANTS 
OF BODY WITHIN 10 AGE OF NUMBER OF NUMBER OF 30-DAY HEMATOPOIETIC 
MICE DOSAGE MIN. AFTER SPLEENS SPLEENS | SURVIVORS SURVIVORS RECOVERY IN 
USED IN R IRRADIATION IMPLANTED IMPLANTED | (30 DAYS ) IN Y% S DAYS 
14 1,025 None 0) 0) None 
S 1,025 Yes 7-12 days t 2 25 Not studied 
12 1,025 Yes 7-12 days 2 0 0 Not studied 
fae 1,025 Yes 3-6 days } } 17.4 Not studied 


than related to cellular ‘‘seeding’’ or ‘‘colonization.’’ Using a teehnique 
similar to that of the spleen-shielding experiments, the livers of mice were ex- 
teriorized and a volume equal to about eight times that of the mouse spleen 
was lead shielded during exposure of the animals to 1,025 r whole body x-radi- 
ation. Observations were made on the effect of this procedure on hematopoietic 
recovery. Histologic studies on the hematopoletie¢ system conclusively showed 
that hematopoietic recovery was hastened, as compared with animals exposed 
to this dose without liver shielding. However, the enhancement or hastening 
of hematopoietic recovery did not seem to attain the same degree as that ob- 
served after lead shielding of the spleen. These observations supplement 
the baby spleen implant data in that further evidence is added to indicate 
that the phenomenon or factor responsible for enhanced survival and hastened 
hematopoietic recovery is probably humoral. We recognize the possibility 
that Iymphoeytes may migrate from the portal areas in the liver and, there- 
fore, the liver-shielding experiment does not entirely exclude cellular 
seeding’? or *‘colonization’’ as a faetor in hematopoietic regeneration. One 
of the bits of evidence which argues strongly against cellular *‘seeding’’ from 
the shielded tissue as the basis for recovery of the irradiated hematopoietic 
system is the observation already reported’ that regeneration in the bone mar- 
row from osteoblasts and reticular cell transformation is striking. Thus cellu- 
lar seeding and proliferation of the colonizing cells at best could be considered 
only a part of the repair process. Although no experiments specifically de- 
signed to obtain data on the effeet of liver shielding on survival have as vet 
heen done, it was evident from the number of animals surviving at late inter- 
vals for autopsy and histologie data that survival was enhanced. In another 
experiment in which the liver was lead shielded as before and the animals were 


99 
) 


served for hematologic changes, five of fifteen animals per cent) sur- 
ived through the twenty-eighth day (Table V 

Intestine, Kidney, Head, and Leg Shielding Exvperiments.—Lead shielding 
if the surgically mobilized intestine of mice exposed to 1,025 r likewise en- 
ianees survival and hastens hematopoietic recovery (Table V). The intestinal 
ract is rich in lymphatie tissue. Thus all the tissues whieh produce this phe- 
omenon when lead shielded have the one common feature—that of reticulo- 
ndothelial constituents. If, in further experiments, the lead-shielded spleen 
ontinued to be more effective than lead shielding of roughly equal volumes 
‘f other tissues such as the liver, intestine, and the like, it could perhaps easily 
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TABLE V. SURVIVAL OF Mice Exposep TO 1,025 R X-RADIATION WITH LEAD SHIELDING OF 
VARIOUS TISSUES 


W HOLE 
NUMBER OF | BODY DOSE NUMBER OF} SURVIVAL HEMATOPOIETI( 
ANIMALS INR TISSUE LEAD SHIELDED SURVIVORS IN % | RECOVERY IN 8 DAYS 
135 1,025 Eixteriorized spleen 105 rh Be Complete (++++) 
(0.1 Gm.) 
93 1,025 None 0 0 0 
15 1,025 Exteriorized lobe of liver 5 33 Nearly complete 
(0.8 Gm. rene 
15 1,025 None 0 0) 0 
15 1,025 Exteriorized intestine { 26.6 Nearly complete 
2.5 Gm. $44 
15 1,025 None 0 0 0 
18 1,025 Head (3.0 Gm. D AE a Only partial 
12 1,025 None () ) 0) 
15 1,025 Right hind limb (inelud 2 13 Not studied 
ing thigh) 1.5 Gm. 
15 1,025 Right hind foot | 6.6 Not studied 
0.1 Gm. 
28 1,025 Exteriorized right kidney 0) (0) 0) 
(0.19 Gm. 
8 1.025 None 0 0 0 


be explained on the basis of the fact that the spleen contains a much higher 
proportion of reticuloendothelial tissue than either the liver or intestine. Lead 
shielding of a single kidney in mice fails to materially enhance survival or 
hastens hematopoietic recovery. The weight of one kidney is slightly more 
than the weight of the spleen. Lead shielding of the head of the mouse during 
exposure to 1,025 r whole body x-radiation does definitely enhance survival. 
Of eighteen animals thus exposed, five or 27.7 per cent survived. Lead shield 
ing of the entire hind leg of the mouse during exposure of the balance of the 
hody to 1,025 r enhances survival slightly. Lead shielding of the head or of 
the leg, however, provides shielding for skin and muscle as well as hemato 
poietic tissue, and thus this latter tvpe of shielding experiment is too non- 
specific for adequate interpretation. It is possible that lead shielding of any 
tissue in sufficient quantity might produce this phenomenon—practieally all 
tissue in the body contains mesenchymal tissue. 

Studies on ‘* Prophylactic’? versus ** Therapeutic’? Attack on Radiation 
Injury.—Several authors have reported studies indicating that the mortality 
from radiation can be materially reduced’ by a variety of means. Gluta 
thione or cysteine administered immediately before irradiation will redues 
the mortality; placing the animal in a reduced ©, tension during exposure ti 
radiation will markedly reduce mortality; cyanide intoxieation during ex- 
posure to radiation will reduce mortality. These substanees or techniques 
have one very significant aspect in common: they are ‘‘prophylaectie meas 
ures.’? Administration of glutathione, cysteine, eyanide, or reduced O, ten 
sion after irradiation has no beneficial effeet on survival. With these facets 
in mind attempts were made to determine whether the phenomenon oceurring 
after spleen shielding occurred as a result of presence of the ‘‘faetor’’ during 
irradiation or following irradiation. Two approaches were made. In one, the 
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intact spleens from baby mice were placed in the abdomen of mice irradiated 
with 1,025 r whole body x-radiation as described. This technique enhanced 
survival and hastened hematopoietic recovery as well. 

In another experiment the pedicles of the shielded spleens were tied off 
with silk during the period of irradiation and immediately released after com- 
pletion of irradiation. Of fourteen mice irradiated with 1,025 r whole body 
x-radiation with spleens lead shielded as well as having the circulation to the 
spleen oceluded during irradiation, nine or 64 per cent survived. Not only was 
survival enhanced but hematopoietic recovery was hastened as in animals 
with spleen shielding only. Thus the presence of the factor is not necessary 
during irradiation and may, therefore, be considered as being of significance 
in a therapeutic sense. 

Splenectomy Experiments.—In an attempt to get some coneept of the 
period during which the lead-shielded spleen must remain intact in the post- 
irradiation period to exert a maximum effect on the enhancement of survival 
and on the hastening of hematopoietic recovery, the following experiments 
were done. Mice were exposed to 1,025 r whole body x-radiation with lead 
shielding of the spleen. At various intervals after irradiation, as is shown in 
Table VI, the spleens were removed and studies were made on survival and 


rr 


TABLE VI. Survivan or Mick Exposep To 1,025 rk WitH LEAD SHIELDING OF THE SURGICALLY 
EXTERIORIZED SPLEEN, WITH REMOVAL OF THE SPLEEN AT VARYING 
INTERVALS AFTER X-RAY 


TIME OF SPLENECTOMY SURVIVAL IN 
AFTER X-RAY NUMBER OF MICE “ DOSAGE IN R 
Pe: 1] 13.4 1,025 
6 hr. Lo 16.2 1,025 
12 hr. 66 39 1,025 
| day | 85 1.025 
Z days () 55 1,025 


hematopoietic recovery. It is evident that leaving the lead-shielded spleen in 
the eireulation for as short a time as one hour has a definite beneficial ef- 
‘ect on survival and hematopoietic recovery is also hastened. These data 
vould appear to indicate that leaving the spleen in the circulation for one 
fo six hours is as effeetive as forty-eight hours. It would appear from these 
ata that the therapeutic effeet derived from the shielded spleen has already 
een exerted in a few hours and its removed thereafter does not interfere 
aterially with the recovery process. Perhaps the recovering hematopoietic 
ssue can by this time earry on the manufacture of the factor necessary for 
pid and orderly hematopoietic recovery. 
Delayed Implantation of the Spleen.—An important aspect of recovery from 
‘adiation injury which the foregoing experiment does not answer is: would 
e addition of the ‘‘factor’’ for the first time at one, two, three, or more days 
ter irradiation still improve survival and enhance hematopoietic recovery? 
other words, would the late addition of the factor be effective or must it 
present soon after irradiation injury? This problem can be answered by 
implantation of spleens into irradiated animals at intervals after irradia- 
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tion, and (2) experiments with injection of spleen extracts, embryonic juice, 
and the like. These studies are in progress. In preliminary studies mice 
were irradiated with 1,025 r whole body x-radiation, and two days after ir 
radiation, four baby spleens were implanted into the peritoneal cavity. O14 
twenty-four mice thus treated, five or 20 per cent survived twenty-three days 
and four or 16.6 per cent survived beyond twenty-eight days (Table II 
These data indicate that ‘‘late’’ addition of the factor is at least partiall) 
effective in enhancing survival. 

Radiation Suppression of Spleen Factor.—Experiments were done to de 
termine the amount of radiation necessary to suppress the production of the 
factor responsible for the phenomenon under discussion. Using the tech 
nique discussed, mice were exposed to 1,025 r whole body x-radiation wit! 
lead shielding of the spleens. During irradiation the shield was removed 
from the spleens and thus a predetermined increment of the radiation dos« 
to the hody was delivered to the spleen. In this Way dosages of from 50 to 
600 r inelusive were delivered to the spleen, whereas the balance of the mouss 
sustained a dose of 1,025 r.) Survival data on a limited number of animals in 


dicate that even with 600 ry to the spleen survival is enhanced (Table VII 


TABLE VII. PARTIAL SPLEEN-SHIELDING EXPERIMENTS 


ER CEN 
NUMBER OF WHOLE BODY INCREMENT TO SURVIVING AT HEMATOPOLTETIC RECOVEE 
ANIMALS DOSAGE IN R SPLEEN IN R ZS DAYS AT S DAYS 
94 1,025 0) 0 Complete Lad 
“4 1,025 a) Nearly complete 
24 1,025 100 Nearly complete 
29 1,025 POO 18,2 Partial 
24 1,025 x00) DOO Partial 
16 1,025 $01) Study 
15 1,025 500 not 
14 1,025 600 >| complete 


Histologie studies completed thus far show that hastening of hematopoietic 
recovery still occurs if dosages up to and including 200 r are given to the 
spleen and a dose of 1,025 r is sustained by the balance of the body. These 
findings are of considerable interest since they imply that if sufficient reticeulo 
endothelial tissue in the body is not irradiated or receives ZOO r or less, the 
speed of recovery ot the destroved tissue mas he enhanced by the surviving 
tissue. Since it seems to be clear that free hematopoietic cells such as the 
lvmphoeytes are not necessary for the production of the factor and if one as 
sumes that fixed reticuloendothelial cells are responsible for the production 
it may be suggested that functionally these latter cells are not materiall, 
altered with dosages of 200 r or less. Whether the factor responsible for the 
hastening of hematopoietic recovery is suppressed with doses above 200 ¥ is 
now under investigation. 

Review of Histologic Changes in Shielded Spleen.—The histologie findings 
in the lead-shielded spleens of mice exposed to 1,025 r whole body x-radiatio 
should perhaps be given special mention. Originally it was observed in mic 


given Sr®? (2 microcurie per gram) that whereas the bone marrow was cd: 
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stroyed, the spleen showed intense ectopic blood formation at three days.""' 
In these spleens the white pulp had largely disappeared by three days after 
Sr’ injection and the red pulp in many instances had largely replaced the 
white pulp and extended up to the central arteriole of the original white 
pulp. This ectopic blood formation was largely erythroblastic under these 


9 


circumstances at the three-day post-Sr*® injection interval. In the lead- 


shielded spleen of irradiated animals the cellularity of the white pulp is mark- 
edly reduced by twenty-four hours. Often no lymphatie nodules remain, the 
ymphoeytes are markedly reduced or virtually absent, and the white pulp 
as a Whole consists of a small nest of reticular cells about the central arteriole. 
In some specimens it is difficult to find Ivmphatie tissue in the entire spleen 
t the forty-eighth hour interval. By twenty-four hours erythroblasts have 
nereased within the red pulp and islands of erythroblasts may be seen within 
the white pulp. Occasionally at the forty-eight hour interval the spleen ap- 
pears to consist almost exclusively of erythroblasts. Beginning at about four 
to five days, megakaryocytes appear in the expanded red pulp and increase 
rapidly in number thereafter. Granulocytopoiesis begins to appear about 
the sixth day and increases in amount thereafter. Beginning about the eighth 
day the Ivmphatie tissue in the splenie white pulp begins to reaccumulate. 
This reaccumulation of Ivmphoeyvtes seems to correlate with the recovery of 
the bone marrow and a reduction in the number of erythroblasts in the splenic 
pulp. That this disappearance or reduction in splenie white pulp is probably not 

specifie ‘‘indirect effect’? of radiation is shown by the facet that in rabbits 


xposed to waole body x-radiation with spleen shielding, the white pulp of 


he spleen is not correspondingly reduced. In the rabbit with appendix shield- 
ing the lymphatie tissue in the shielded appendix does not appear to be re- 


duced.© Eetopie blood formation is minimal in the lead-shielded spleen of 


ibbits and absent in the lead-shielded appendix of rabbits and thus compe- 
tition between erythroblast proliferation and Iymphoeyte proliferation is not 
factor. Returning to the shielded mouse spleen, it is interesting to speculate 
out the disappearance of lymphatic tissue, the inhibition of its return, and 
the relative tardiness of the appearance of ectople megakaryoeytopolesis and 


inulocytopoiesis, Whereas erythroblasts ‘‘take over’’ the organ. = This dif- 


{- 


ential suppression of cell types cannot be explained adequately at present. 


Qne might have anticipated an early increase in ectopic granuloeytopoiesis 


ther than erythroeytopoiesis on the basis of need. No significant reduetion 
of cireulating erythrocytes had occurred in two or three days, whereas leuco- 
penia is already severe by this interval. Thus no apparent stimulus is present 
the major intensification of erythropoiesis. Perhaps under these cireum- 
Stunces the organ reverts largely to an embryonic state which, until late in 
enbryonie life, consists exclusively of erythroblasts. 
The Npleen and Nitrogen Mustard Toxicity—In order to determine 
ether the beneficial effect of spleen shielding was specific only for radiation 
injury, a preliminary experiment was designed to test the effect of a com- 
perable technique on nitrogen mustard destruction.'? Mice of the same age 
| strain employed in the irradiation experiments described were anesthetized 
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with Nembutal (dose 0.072 mg. per gram) and while under anesthesia the 
spleen was exteriorized surgically. The splenie pedicle was then tied with 
silk and nitrogen mustard |methyl-bis (8 chloroethy]) amine hydrochloride 
in a dose of 0.003 to 0.005 and 0.010 mg. per gram was given intravenously vi: 
the tail vein. After ten to fifteen minutes the tie on the splenic pedicle was 
released and the abdominal incision closed. Controls were given Nembuta 
anesthesia and nitrogen mustard. No attempt was made to study the influence 
of this technique on survival. Recovery of the lymphatic tissue and bone mar 
row of the mice in which the splenic pedicle was tied off during and ten t 
fifteen minutes after HN. administration preceded the recovery of these tis 
sues in animals with an intact splenic circulation during and after HN, ad 
ministration. (It is well known that the major action of HN. oceurs withir 
ten to twenty minutes after administration.'* ™4) The spleen of the animals 
without a pedicle tie underwent the typical destruction and atrophy seen it 
irradiated mice. The spleen of mice with the splenie pedicle tied like the lead 
shielded spleens of irradiated mice increased in size and became the site ot 
major ectopic blood formation. This finding is of extreme interest beeause 
it indicates that the phenomenon is not specific only for the hastening of 
hematopoietic recovery from the injury produced by irradiation but appears 
to be effective as well in hastening recovery from the destruction induced by 
HN, administration. Karnofsky and associates!’ reported that occluding the 
arterial blood supply to the lower extremities of the rat for fifteen minutes 
during and after nitrogen mustard administration reduced the severity of the 
hematologic depression characteristically observed in intaet animals given the 
drug. Histologic studies were reported to show that the destruetion and 
atrophy of the hematopoietic tissue proximal to the occluded arteries occurred, 
whereas a much decreased destructive effect was apparent in the bone marrow o 
the lower extremities whose arterial supply had been occluded during the HN 
administration. The fact that a lesser hematologic depression occurred in the 
artery-oceluded animals was attributed to the fact that marrow of the extren 
ities remained essentially normal or actually hypertrophied. Unfortunately, 
histologic observations bevond four days were not studied or at least were not 
reported in these two experimental groups. If recovery of the destroyed 
blood-forming tissue occurred earlher in the aorta-oceluded group, it probably 
would have been apparent after the four-day interval. 

Effect of Spleen Shielding on Recovery of Tissues Other Than the Hemato- 
poietic System.—The effect of spleen shielding on the recovery of tissues other 
than the hematopoietic system is, in some respects, difficult to interpret ade- 
quately. The recovery of the intestinal tract is definitely hastened in mice. 
rats, and rabbits which have had spleen shielding during irradiation. The gross 
pathologie findings of ulceration, petechiae, gross hemorrhage, blood tinged 
mucus, and evidence of diarrhea which are deseribed in the post-irradiation 
period in animals exposed to dosages of whole body x-radiation in the LD 
range or above are less frequently encountered in the spleen-shielded animals. 
Histologie recovery of the lymphatic tissue in the intestinal wall of the smal 
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and large intestine occurs with the same rapidity as that of the peripheral 
ymph nodes in spleen- or liver-shielded animals, and there is little early or 
ate evidence of denuding of epithelium, hemorrhage, or ulceration. Whether 
this rapid recovery of the intestinal tract and actual reduction in the expected 
athologic changes in the gastrointestinal tract is a result of some factor re- 
dueing the severity of damage or rather some factor which hastens recovery 
remains to be proved. It seems not at all unlikely that the rapid recovery 
of hematopoietic tissue and the presence of a ‘‘normal,’’ functioning spleen 
may well influence the ulceration and bacterial invasion and thus reduce 
‘radiation sickness,’’? by septicemia, and death. Liver shielding and head 
shielding likewise favorably influence recovery of the intestinal tract. 

Preliminary histologie studies on the ovaries and testes of irradiated mice 
and rabbits with and without spleen shielding have failed to show any ma- 
terial difference in the degree of destruction or speed of recovery. 

Comments on Relationship of Hematopoietic Recovery and Enhanced Sur- 
vival—It is probably premature at this time to assume that following spleen 
shielding a single factor is responsible for enhanced survival of animals, for 
the rapid recovery of the hematopoietic system, and for the enhaneed recov- 
ery of gastrointestinal tissue. On the other hand, it seems logical that reecov- 
ery of the hematopoietic system may be instrumental in averting fatal septi- 
cemia, may promote healing, or even prevent ulceration of the gastrointestinal 
tract, and reduce or eliminate hemorrhage. Hematopoietic recovery from 
radiation injury is hastened in guinea pigs, rats, and rabbits by spleen shield- 
ing, * + but survival is not enhanced by a factor of two as is true in mice. One 
can only speculate at the moment as to whether the enhanced survival from 
whole body irradiation, which follows liver shielding, intestine shielding, or 
head shielding, is the result of the same mechanism as spleen shielding. 

Whether the factor (or factors) involved is due to cell migration from 
the shielded tissue or dispersion of a noneellular substance is not yet proved. 
The evidence presented in this paper points in the direction of a humoral non- 
cellular substance which stimulates regeneration of the hematopoietic tissue 
or supplies something which makes repair and regrowth possible. The pos- 
sibility that irradiation produces a ‘‘toxin’’ which inhibits regeneration of 
irradiated tissue and that the shielded tissue neutralizes such a toxin has not 

n entirely disproved by the experiments reported herein. 

The possibility that irradiated tissue can be stimulated to an earlier 
recovery than previously supposed by post-irradiation ‘‘therapy’’ is encourag- 
i! The potential significance of these findings to the problem of radiation 


iry and to certain other clinieal syndromes is thought provoking, 


SUMMARY AND CONCLUSIONS 

The LD., per twenty-eight days for spleen-shielded mice is cirea 1,100 r 
Woole blood x-radiation compared to cirea 550 r for mice without spleen shield- 
i! Intact mice rarely survive 800 r whole body x-radiation. Only 1.1 per 
t survive 1,025 r whole body exposure without spleen shielding. 
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Recovery of hematopoietic tissue as well as the recovery of the gastr 


intestinal tract is significantly hastened by spleen shielding. Lead shielding 


ot part of the exteriorized liver, the exteriorized intestine, or the entire hea: 


or the hind limb enhances survival of animals exposed to 1,025 r whole bod, 


x-radiation but not to the extent observed with spleen shielding.  Shieldiny 


of a single kidney during: exposure to this dosage does not enhanee surviva 


The survival of mice in which the circulation of the shielded spleen 


clamped off during exposure of the animal to 1,025 r and the clamp is release: 


immediately thereafter is approximately the same as the survival in the reg! 


lar procedure ot spleen shielding only. 


Surgical extirpation of the shielded spleen at intervals after the shieldin: 


} 


procedure indicates that a beneficial effect has been exerted even if the splee 


has been left intact in the circulation for one hour. The survival of anima 
exposed to 1.025 r with spleen shieldine and subjected lo sple heclomys fron 
one to forty-eight hours later is between 39 and S85 per cent for the twenty 


eight day period of observation. 


Transplantation of one to four fresh spleens from voung mice into thie 


peritoneal cavity of mice immediately after exposure to 1,025 r whole bod, 


x-radiation significantly inereases the survival of the irradiated mice. Simil 
transplantation of spleens into irradiated mice two days after whole body « 


posure to 1,025 r x-radiation likewise enhances survival but is definitely nol 
effective. 


These facts indicate that unlike glutathione, cysteine, O. deprivation, | 


cvanide Intoxication, the ‘‘factor’* in spleen shielding which effects a signifi 


cant increase in survival ot mice from whole hody x-radiation is Uhhnecessal 
during the actual Irradiation process and is definitely effective atter irradi: 


tion. 


In the experiments deseribed., the veneral assumption is made elther that 


(1) the shielded tissues produce a substance of a nonecellular nature whic! 


exerts a beneficial effect on the recovery of the irradiated animal or (2) th 
cells migrate from the shielded tissue which enhance recovers ot the irrad 
ated tissues. The evidence appears to be in favor of the first assumption b 


both may be wrong. The possibility has not been eliminated that irradiativ 


of tissue produces a ‘**toxin’’ and that the shielded tissues or Implanted tissues 


1} 


in some way exert a detoxifying action as the *‘toxin’’ courses through 
shielded tissues. 


The potential significance of these observations to the therapy ot rad 


tion injury and other clinical syndromes is discussed brietly. 
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THE RESPONSE OF SERUM GAMMA GLOBULIN LEVEL AND 
COMPLEMENT TITER TO ADRENOCORTICOTROPIC HORMONE 
(ACTH) THERAPY IN LUPUS ERYTHEMATOSUS DISSEMINATUS 

JOHN H. VAuGHAN, M.D.,* THropore B. Bayes, M.D.,** Anp 
CutTtine B. Favour, M.D.*** 


Boston, Mass. 
INCE mueh interest has been expressed in the possible role of allergi 


phenomena in the etiology of lupus erythematosus disseminatus, we hay 
felt that it would be of value to report some of our recent experience in follow 


ing serum complement titers and gamma globulin levels in this disease during 


its response to adrenocorticotropic hormone (ACTH). A brief deseription o 
Case D. B. has been reported previously.' 


MATERIALS AND METHODS 


Clinical Material.—Four patients with lupus erythematosus disseminatus, two ot whi 
were acutely ill (Patients D. B. and G. J.), were studied before, during, and after 


one or more 


treatment periods with ACTH. ACTH was given intramuscularly in divided dosage ever 


six hours. Total daily dosage varied from 40 to 200 milligrams. 

Methods.—Gamma globulin levels were done by a modification? of Kunkel’s flocculatic 
technique.3 Values of 70 units or more are considered definitely elevated. Complement titers 
were measured by a modification4 of Heidelberger’s method5 for determining the 50 per cent 
hemolytic end point. Values below SO are abnormally low. Anticomplementary titers wer 


done on sera taken from deep freeze storage. One milliliter aliquots of serial twofold dilutions 
of the heat inactivated 4 specimens were added to 0.5 mil. portions ot 
prepared as for routine complement titrations4; 0.5 ml. of 1:3800 dilution of 


sensitized sheep ee 
active guine 


pig serum was added to each tube as complement. The whole was incubated and the amou 


of hemolysis read as in the complement titration. The amount of guinea pig serum used 


ordinarily sufficient to give between 50 and 100 per cent hemolysis of the cells 


in the svste 


RESULTS 


In all four of the patients studied, the gamma globulin levels were elevated 
as Is shown in Table I. However, there was no correlation between the degre 
of elevation of the gamma elobulin and the severity of the disease. On 1! 
contrary, Patient G. J., who had a very active process, had the lowest gamma 
globulin level. It is probably more significant that Patient G. J. was 1 
patient whose disease was of shortest duration. She had been sick for only 
matter of a few weeks before the institution of therapy. In all instances, ACTH! 
treatment was marked by a depression of the gamma globulin level to or toward 
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3LE TL. THe Errecr or Acti TREATMENT ON SERUM COMPLEMENT ACTIVITY AND GAMMA 
GLOBULIN LEVEL 


COMPLEMENT GAMMA GLOBULIN 

PATIENT START END AFTER START END 

DBs l 20) 30 a0) 120 90 

9 RO 60 95 90 70 

3 1G 50 &° 140 &S* 

G. J. 25 126 196 70 ‘1 

M. A. S5 51 QS 197 105 

B.. ¥. 76 46 106 110 | 60 
Complement is expressed as 50 per cent hemolytic units per milliliter, gamma globulin as 


ulation units per 0.1 milliliter. 


These values represent the low levels to which the gamma globulins fell in these two 
tances prior to escape from the effect of ACTH. 


normal. In Fig. 1 is shown the electrophoretic pattern on Patient D. B. before 
and after the first two courses of ACTH. The marked reduction in the gamma 
vlobulin level is readily evident. 


D.B. 27 yr. LUPUS ERYTHEMATOSUS DISSEMINATUS 
aP vr ager 
5/19/49 7/6/49 


Electrophoretic patterns before and after two 
courses of ACTH, 


Reduction of the gamma globulin by ACTH in lupus erythematosus disseminatus, 


In the two who had the greatest degree of activity (Patients D. B. and 
(i. J.)—the activity being judged by the degree of elevation of body temperature 
and the general appearance of ‘‘toxicity’’—the complement titer was grossly 
depressed before therapy. In each instance the end of a treatment period was 
marked by a sharp upswing in the complement titer. In Patient G. J. there 
san additional rise in the midst of a eourse of therapy which was continuous 
over two months. This rise was noted on the thirty-first day and is incorpo- 
rated in the value of 126 noted at the end of her treatment period. Fig. 2 
ilistrates the changes in Patient D. B. during several courses of ACTH. A 
roighly reciprocal relationship between the gamma globulin level and the com- 
plement titer is apparent. In addition, the persistent tendency for the rise in 
complement to oceur only at the end of a course of therapy is well illustrated. 
In the two relatively inactive patients the initial complement titer was 
eitier low normal (Patient M. A.) or only slightly depressed (Patient B. V.). 
Diving the course of hormone therapy in these cases, the complement activity 
le significantly, in a manner similar to that found in rheumatoid arthritis* 
Where we have speculated on the possible depressant effect of ACTH on the 
formation of complement protein. The post-treatment rises in titer in these two 
pa lents were not so spectacular as those noted in the more active cases. 
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Since it has been shown by Davis and collaborators" that the gamma glob 
lins of normal human sera are anticomplementary, some estimate of the role « 
this factor was made by doing anticomplementary titers on serum samples fro1 
Patients D. B. and G. J. (Table 11). It is evident from this data that there 
very little change in the anticomplementary activity of these sera in dilutions « 
1:20 or greater, which were the dilutions used in all determinations of comple 


ment titer. 
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Fig. 2.—The inverse relationship between complement and gamma globulin during ACJ 
therapy in lupus erythematosus disseminatus The tendency for the complement titer t 
only at the cessation of therapy is illustrated 
DISCUSSION 
The changes in complement titer that we have observed can be interpreted 
as the resultant of two forces: 1) a tendeney for active lupus ervthematos S 


disseminatus to have a lowered serum complement titer and for SUppression 
this activity to be characterized by a rising titer, and (2) a primary depressa 
effect of ACTH on complement activity, perhaps by inhibiting its formation 
This latter effeet would be consistent with the known ‘‘antianabolie”’ activil 
of the cortical steroids. Thus the complement titers of Patients D. B. and G. 4. 
were very low initially and tended to rise as the disease activity was suppressed 
by the hormone therapy. In Patient G. J. this rise managed to express. its 
after prolonged therapy, but in all other instances the presence of the ACTH 
prohibited this rise until the cessation of treatment. In the two patients w 
rather quiescent disease, the complement titers were very little depressed by tiie 


disease process, and in them we can see the influence of ACTH itself upon 
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TABLE IL ANTICOMPLEMENTARY TITERS BEFORE, DURING, AND AFTER ACTH THERAPY 


SERUM DILUTION 


TIEN DATI 0%* Lea 1:10 1:20 1:40 1:80 100% t 
D. B. 5/10 10 q Fe o7 S& QS 135 
6/7 55 96 100 112 93 
6/16 65 OG 10] 100 104 
G. J. Tfat 30 Q7 100 105 101] 
8/26 5 87 97 99 95 
9/2 | SS QV 10] 100 
Numbers refer to readings on the WKlett-Summerson colorimeter. Complete suppression 
omplement activity is represented by the 0 per cent control*, uninhibited complement ac 
ty by 100 per cent control. 


mplement titer in bolder relief. In Patient M. A. the ACTH effeet was 
essentially the only effeet seen, but in Patient B. V., who developed a higher 
ter after treatment than she had had previously, it would appear that her 
disease process had contributed a significant element of depression to the pre 
treatment titer. These interpretations are consistent with the observation that 
Patient M. A. had the most inactive case, the only evidence of the continued 


esence of the disease being that of a mild continuing anemia. 


It is possible that the apparent reciprocal relationship of complement 
ivity to gamma globulin level reflects immune phenomena of importanee in 

s disease. A close association of the gamma globulins with the immune bodies 

of the blood has been well established. Furthermore, numerous workers in 
xperimental anaphylaxis” and in various diseases known to be of allergic 
origin’® have shown that depressions in the level of blood complement do oeeur 
during the height of the antigen-antibody activity. Therefore, one could easily 
conclude that our data indicate similar mechanisms at play in active lupus. 
That the rises in complement titer do not represent merely alterations in the 
anticomplementary activity of the serum as a part of the fall in gamma globulins 
is suggested by our titers of serum anticomplementary activity indicated in 
ble TT. Additional data suggesting that the gamma globulins alone are not 
responsible for the changes in the complement activity are provided by our 
observations of these levels during ACTH therapy in rheumatoid arthritis.* * 


have observed similar or much larger reductions im gamma 


In this disease we 
Whobulin level with changes in complement titer that do not parallel these in 


e lupus erythematosus. 


SUMMARY AND CONCLUSIONS 
In a study of four cases of lupus erythematosus disseminatus, estimations 
of the serum complement activity and gamma globulin level have been made. 
In these ceases, disease activity Was roughly correlated with degree of de 
pression of complement activity and duration of disease with degree of elevation 
of vamma globulin content. 


During ACTH therapy the complement titer tends to rise and the gamma 


ilin level to fall. 


The possible significance ot the observed ehanees is considered. 
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IN VIVO AND IN VITRO EFFECT OF AUREOMYCIN HYDROCHLORIDE 





LINICALLY, aureomyein, the golden crystalline antibiotic, obtained from 
Streptomyces aureofaciens, has been found to be effective in a number of 

diseases caused by both gram-positive and gram-negative bacteria and of value 
in some nonbacterial diseases. Like other antibiotics, however, it is not devoid 
of toxicity which may be acute, subacute, or chronic. In general, the reports in 
the literature indicate that the common toxie reactions to the drug are nausea, 
vomiting, headache, epigastric pain, and looseness of bowels or persistent diar- 
rhea. These are common findings in a fair percentage of patients who take the 
drug orally. Sanders, Rumball, Solomon, Soret, and Ricei! reported phlebitis as 
a sequela of intravenous therapy in 30 to 40 per cent of 116 cases studied. 
Brainerd, Lennette, Meiklejohn, Bruyn, and Clark* reported that when aureo- 


myein was dissolved in Sorenson’s phosphate buffer (pH 7.4), combined with 


per cent procaine, and injected intravenously, there developed invariably a 


severe, painful, local reaction. 


In addition, there has been reported an abrupt rise in temperature oc- 


casionally accompanied by a picture simulating shock with a drop in blood 


pressure and tachyeardia.’* Skin rashes following aureomycin therapy have 


been deseribed as maculopapular, urticarial, or scarlatiniform. 


These toxic manifestations in most instances were not serious enough to 


warrant discontinuing the aureomycin therapy. 


There have been additional side reactions which have a great deal of sig- 


nificance concerning the main thesis of this paper. In a study of 110 patients 


with chronic brucellosis who were given aureomyein hydrochloride orally, 


Harris* found that side effects occurred in forty-eight of the seventy-nine female 


patients and in six of the thirty-one male patients. The outstanding symptoms 


were headache, nausea, vomiting, epigastric pain, persistent diarrhea and anal 


irritation (with fissurine in two) in both sexes. Bladder irritation occurred in 


eleht, fleetine urticaria in three, dermatitis of the hands in two, and slight 


generalized desquamation of the epidermis in two. In addition, however, he 


noted the occurrence, within three days in some patients, of mucous membrane 


manifestations of the mouth, throat, and pharynx with perléche-like lesions in 


twelve women and in one man. Vaginitis occurred in all of the twelve female 


patients with slight bleeding in two. 


Brainerd and associates noted “‘black tongue’’ in two of their patients and 


glossitis in association with skin rashes in two others. Erythema and pruritus 


of ‘he perineal area occurred in four patients. 


Studies, observations, and reports from the Dermatological Department of the 


Fy Skin and Cancer Hospital and the Department of Medicine, Division of Dermatology, 
). 


Sc 1 of Medicine, Washington University. Service of Richard S. Weiss, 
Received for publication, Dec. 20, 1950. 
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Meiklejohn and Shragg, in treating primary atypical pneumonia wit 
aureomycin, noted in one patient cheilitis and smoothness of the tongue for 
days after aureomycin therapy was begun. 

Black tongue and disseminated crural lesions following aureomycin thera] 
have been brought to my attention by various dermatologists. Black tongue has 
also been noted following penicillin therapy. 


These various phenomena, the mucous membrane manifestations, perlech 


like lesions, vaginitis, black tongue, glossitis, cheilitis, smooth tongue, perine: 


and perianal pruritus are often characteristic of moniliasis. In his report, 
Harris presumed that the high acidity in the gastrointestinal tract resulting 
from the administration of aureomycin might account for some of the gastro 
intestinal and bladder manifestations, with a destruction of the normal intestinal 
flora and/or allergy explaining the mucosal and dermal reactions. He noted 
also that previously existing symptoms were temporarily aggravated in man) 
patients. He has since found that cultures from these patients showed ai 
increased number of monilial colonies. It may be further presumed that. the 
aureomycin in destroying the normal bacterial flora had allowed the veastlike 
organisms to grow more freely and abundantly. On the other hand, does 
aureomycin exert a stimulatory effect on these organisms? It is this possibilit, 
with which this paper is coneerned. 

My interest in the action of aureomyein hydrochloride on monilial organisms 
was first aroused in July, 1949, when a woman with a severe cough was referred 
to me for sputum cultures. In the absence of any other demonstrable pathogens, 


it was felt that pulmonary mycosis should be considered, 


REPORT OF CASE* 


Patient H. A., a 40-vear-old white woman, a medical technician, complained of a cou 


respiratory infection, low-grade fever, and loss of weight. The patient dated her illness f1 
September, 1945, at which time there was an onset of veneral malaise and loss of weig 
associated with a low-grade fever. Physical examination by an internist revealed negat 


findings. There was a question of undulant fever but this was not proved. The symptoms 
persisted throughout the next two months and in November, 1945, she resigned het positior . 
technician in a private hospital. X-rays made of the chest in November, 1945, revea 


nothing unusual. 

The symptoms subsided during December, 1945, but reappeared in January, 1946, 
persisted until April, 1946, when they again disappeared during bed rest while the pati 
was in the hospital for observation. 

In June, 1946, the patient agaln developed a low erade Tevel with general mali st 
X-rays made hy Dr. Wendell G. Seott revealed a shadow of the right upper lobe, His 
pression was that this was a questionable Ghon complex. X-rays made by Dr. Samuel 
Grant at a later date revealed that the lesion in the right upper lobe had practically di 
peared and it was his impression that the patient had had a virus pneumonitis. 

From September, 1946, until August, 1948, the patient had a few respiratory infect 
which left her with a low-grade fever over a long period of time. There was always 
associated muscular pain. Various tests and x-rays revealed nothing abnormal. In Aug 


1948, she had a sudden onset of general malaise, nausea, and severe vertical headache. 


*Case report presented through the courtesy of Sim F. Beam, M.D. 
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lso complained of diarrhea. Again, various tests including liver function, examination of 
e urine and blood, basal metabolie rate, x rays of the chest, and a complete cvastrointestinal 
ries revealed no abnormalities. 

Another respiratory infection developed in April, 1949. Sputum examination did not 
veal pathogens. In June, 1949, in an effort to clear up the infection, the patient was oiven 
ireomyein orally, 0.25 Gm. over a period of seventy-two hours, without any improvement of 
Vinptoms, 

At bronchoscopic examination performed on July 15, 1949, by Dr. James B. Costen, 
veastlike odor was noted, Specimens of the sputum taken at the time of the bronchoscop) 
ere sent to the Barnard Free Skin and Cancer Hospital for mycologic examination. 

Syringospora (Moniha, Candida) albicans was cultured from the sputum and_ the 

patient Was according |s placed on potassium iodide medication (saturated solution), 10 to 15 
rops orally, three times daily. Six months of therapy resulted in’ remarkable clinical 


provement with loss of fever. The patient is now working and well. 


LABORATORY DATA 

Sputum was streaked on several slants of Sabouraud’s glucose agar. Within a few days 

ere developed numerous colonies of pure culture of a yeastlike organism which was later 
entified as Syringospora (Monilia, Candida) albicans. About «a week later, the cultures 
ere again examined and found to have developed a golden yellow color somewhat suggestive 
Staphylococcus aureus. Several colonies were examined microscopically and in the center 
each colony there were found accumulations of golden yellow crystals (Fig. 1). With 
higher magnification it was noted that that portion of the growth adjacent to the crystalline 


I thick-walled cells which are ordinarily considered to be 


uterial showed numerous large 


llamydospores and which are characteristic of S. albicans when grown on corn meal agar 


jo. B 


Aureomycin hydrochloride when subjected to filtered ultraviolet radiation (Wood’s 
ght) shows a golden yellow fluorescence. When crystals of aureomycin hydrochloride are 
ropped on agar medium, they dissolve slowly, and as they do, the colored substance permeates 
e substratum, The amount and extent of permeation can be determined easily by the use 

the Wood filter. Under Wood’s light the original cultures with the yellow crystals in the 
enter of each colony showed this yellow fluorescence with penetration into the adjacent 
medium. It seemed possible, therefore, that -the substance might be either aureomycin 
lrochloride or an altered form of the antibiotic. 

Since it appeared that aureomycin hydrochloride or the changed crystals had an effect 
the growth of S. albicans, it was decided to determine just how the effect took place. Ae 
dingly, a number of plates containing Sabouraud’s glucose agar were seeded with pure 
albicans. Immediately following this procedure, pure aureomycin hydrochloride* crystals 

vere dropped in various patterns on the surface of the seeded agar plates. This was done 
an effort to see whether the organism would develop and engulf the aureomycin in a 
nner similar to that noted in the sputum cultures. Within forty-eight hours, the growth 
he organism was such that it covered the plate. The areas where the aureomycin crystals 


been dropped, however, showed distinct inhibition of the organism’s growth (Fig. 3) 
Ss appeared as a clear zone with an increasing amount of growth extending peripherally. 
en these plates were examined under Wood’s light, a correlation of the inhibition could 
made with the intensity of fluorescence. After several weeks of growth, the inhibited areas 
ime less distinct. When examined again with Wood’s light, the yellowish fluorescence 
ld be seen throughout the whole plate. 

It may be of special interest that the plates to which aureomycin had been added 
‘loped contaminants fairly rapidly in nearly all the plates, as compared with the controls 
*Aureomycin hydrochloride, working standard, with a potency of 1,000 ug per milligram 
graciously supplied by Dr. Henry Welch, Director, Division of Antibiotics, Federal Security 
ney, Food and Drug Administration, Washington, D. C 
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which remained uncontaminated. It is difficult to determine whether this was pure! 


accidental, whether the presence of aureomycin stimulated the growth of chance contaminant 


which is very likely, or whether the contaminating spores were present in the sample « 


aureomycin hydrochloride. 








Fig. 1.—Amorphous aureomycin hydrochloride crystals or a variant in the center of 
colony of Syringospora albicans, 101 days after inoculation. Unstained wet mount, 
Fig. 2.—Organisms adjacent to the crystalline material showing large, round, thick-wa 


2 


cells. Unstained wet mount, X653. 


alon 
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Flasks containing 250 e.c. Sabouraud’s glucose broth were inoculated with S. albicans 


and 50 mg. erystalline aureomyein hydrochloride. Growth as compared with the control 


appeared to be greater after seventy-two hours without any indication of inhibition. The 
clear broth developed a brownish color as compared with the control, because of the aureo- 
mycin. After several weeks of growth at room temperature, the amount of culture material 
at the bottom of the flasks appeared to be approximately twice the amount of that seen in 


the control flasks. 


Fig. 3.—Culture of Syringospora albicans seeded with aureomycin hydrochloride, growing 
on Sabouraud’s glucose agar, twenty-four days after inoculation. Note inhibition of growth 


along streaks where crystals were dropped. 

Microscopic examination of the fungi in the aureomycin-containing flasks revealed some 
interesting information. Culture material obtained from the bottom of the flasks, in contact 
with the aureomycin crystals, showed numerous large cells (Figs. 4 and 5). These were 
approximately two to three times the size of those considered to be normal for the organism. 
They were seen scattered among the normal-sized cells as spherical to slightly ovoid, simple 
or budding cells (Fig. 4). In some flasks the organism could be seen in an attempt to form 
the pseudomycelium characteristic of the organism (Fig. 5). Here the cells were large and 
elongated, appearing somewhat in verticils or radiating in clusters, similar to what one sees 

th pseudomycelium arrangements. In scattered groups there could be seen clumps of two 
to four or sometimes more cells with thick walls simulating capsules (Fig. 6). These are 
probably to be considered as true chlamydospores and not to be confused with the large cells. 

In contrast, a microscopic examination of the thin veil of growth on the surface of the 
broth showed chains of small yeastlike cells (Fig. 7). These were considerably smaller than 
the large cells and smaller also than the ‘*normal’’ cells of S. albicans, They would appear to 


be rapidly growing and multiplying. 
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It is interesting to speculate on what effect aureomycin has on S. albicans. It 





apparent that the antibiotic, like most of the known antibiotics, when present in concentrate 


form, may have a temporary inhibiting or fungistatie effect on the fungus. 8S. albicans, i 


general, is one of the least susceptible of the yeastlike organisms to such action. Whether th 





Fig. 4.—Large, round cells of Syringospora albicans growing close to aureomycin hyd 
chloride in Sabouraud’s glucose broth. 870. 

Fig. 5.—Large, spherical to ovoid cells’of S. albicans, in verticil arrangement, growl! 
close to aureomycin hydrochloride in broth. 870. 

Fig. 6. Spherical, thick-walled chlamydospores of S. albicans in broth. «870. 


action is due actually to antibiosis or possibly to a change in the immediate environme 
such as a change in the hydrogen-ion concentration, thus affecting the physiologic behavior 


the organism is something to be determined. In due course of time, the effect of the ar 


biotic crystals disappears, due chiefly to their instability in an aqueous medium and _ perhaps 


{ 
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in part to a diluting effect because of their dissolution in the substratum. The organism 
sa rapid grower and consequently will show good growth. It is possible that during the lag 
phase the fungus has built up a sufficient amount of internal energy in some form so that 
when external conditions become more favorable the cell will develop at a rate faster than 
that of the normal cell and occasionally produce a giant. 

In a study of the effects of carcinogenic substances on Saccharomyces ellipsoideus, 
Dodge,® using methylcholanthrene in the medium, found that growth tended to be slower at 
the start than in the control. The control had a shorter lag but it was soon overtaken by 
the methylcholanthrene growth. ‘‘Except for occasional giant cells, the cells in methyl- 


cholanthrene are smaller and divide more frequently.’’ 





Fig, 7.—Small, rapidly multiplying cells in chains, from surface of broth medium containing 
aureomyecin hydrochloride. 788. 


A comparison of the microscopic appearance of the cells of S. ellipsoideus, grown in 
lia containing methyleholanthrene, and the cells of S. albicans, as grown in media con- 
ning aureomyein, indicates a similarity in response. In both cases we find large cells 
ant cells), although the cells of S. albicans did not attain the size of those of S. ellipsoideus 
reported by Dodge, and the small, frequently dividing cells. Whether aureomycin has 


inogenic capabilities is something that requires investigation. 
DISCUSSION 


Toxic or side effects from the administration of therapeutic agents are not 


isual. The sulfonamides were notorious for the numerous and in some eases 
serious complications to which the patient was subjected. The advent of the 
avlibioties similarly produced many and varied reactions. Much has_ been 
Written concerning these toxic phenomena when penicillin was given orally. 
nically, many of the side effeets listed in this paper have been found to oceur 
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also when antibiotics other than aureomyein were administered? The patients 
complained of looseness of stools or diarrhea and pruritus ani which often is a) 
accompanying feature in diarrhea when antibioties such as polymyxin, chloram 
phenicol, and terramyein, to name a few, are taken. In most instances, anti 
hioties when given orally affect the intestinal flora most remarkably either b 
lysis or by inhibition of the bacteria so that it is relatively easy to culture pur 
veastlike organisms. 

It is a little difficult to state emphatieally whether the gastrointestina 
disturbances are due to the hieh acidity of the gastrointestinal traet with thi 
destruction of the normal intestinal flora as Harris presumed or to the resultan 
inerease in growth of the veastlike organisms. It is also difficult to designat: 
allergy per se as specifically responsible for the mucosal and dermal reactions 
Certainly the altered physiology ot the Vast rointestinal tract as 2 result ot th 
elimination of the normal flora may account for these manifestations and th 
application of the term allerey io such a phenomenon is debatable. Oral and 
gastrointestinal disturbanees and the cultivation in large numbers of veastlik 
organisms are not uncommonly found in tropical sprue. In sprue, howeve) 
gastric analysis reveals hypoacidity although the stools are acid because ot! 
unabsorbed fatty acids. Furthermore, many patients taking brewers’ veast for 
therapeutic reasons often complain of diarrhea. Consequently, one must ¢o1 
sider the excessive amount of yveastlike organisms as a likely cause of the gastro 
intestinal upset, at least in some cases. 

Oral lesions following aureomycin intake have been designated as sensi 
tivity to the drug. The elinical appearance of these lesions in many ways simu 
lates that of moniliasis. The finding of veastlike organisms in the mucous 
membrane lesions of the mouth, throat, pharynx, and in the perleche-like lesions 
especially in female patients, seems to indicate rather strongly, at least in som 
patients, infection with these organisms as a consequence of the aureomycin 
The similarity to sprue is also great, so that one should consider the possibilit; 
that the gastrointestinal upset may interfere with the nutritional requirements 
and consequently give rise to the oral symptoms. The same apparently holds for 
the paticnts who develop vaginitis. The finding of large amounts of veastlike 
cells again would tend to suggest that these organisms, whether stimulated by 
the aureomycin or allowed to grow in abundance because of the action of aureo 
mycin in eliminating bacteria, play a major role in the production of such 
lesions. Especially is this of significance when it is seen that such patients in 
many instances develop the characteristic satellite lesions on the a tjacent thiglis 

To further emphasize this point, we need only to re-examine the in-vitro 
action of aureomyein on S. albicans: It is apparent that the antibiotie, in a 


econeentration of 0.2 


me. per cubic centimeter, had a stimulatory effect on this 
organism, producing not only large cells and rapidly multiplying cells but also 
an increased over-all production of cells as compared with the control. This 
should be considered very significant. 

An evaluation of the data assembled in this paper clearly indicates that in 


the administration of aureomycin hydrochloride the clinician should expect to 
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find, at least in women, a good percentage of whom are carriers of yeastlike 


organisms, complicating lesions due to these organisms. More specifically, how- 





ever, the elinician should rule out bronchial or pulmonary moniliasis, by culture 
preferably, before prescribing oral aureomycin for extended periods. The data 
and the ease presented here make it clear that oral aureomycin is contraindicated 

patients with such lesions. As a matter of fact, it would be unwise to pre- 
scribe any of the newer antibioties in such cases before first determining their 
effeet on S. albicans. There is a final consideration which concerns those cases 
in Which aureomyein is preseribed for diseases of established etiology, other than 
moniliasis, and in which the patient develops monilial or monilial-like lesions. 
In these eases it may be advisable to administer a drug, such as potassium iodide, 


h is of known value in combatine moniliasis, alone with the antibiotic, 


vhie 
provided the iodide does not adversely affect the primary lesions. The iodide 


should control, in a great measure, the veastlike secondary involvement. 


SUMMARY 


The toxic effects following the oral administration ot aureomveln hvdro- 
chloride are listed as nausea, vomiting, headache, epigastric pain, persistent 
diarrhea, a maculopapular, urticarial, or searlatiniform skin rash, anal and 
perineal irritation and/or pruritus, vaginitis, lesions of the mucous membranes 
of the mouth, throat, and pharynx, perléche-like lesions, black tongue, glossitis, 
cheilitis, and smooth tongue. Phlebitis has been described as a sequela to intra- 
venous administration of aureomycin. 

A patient, with a complicated history of pulmonary lesions, from whose 


itum Syringospora (Monilia, Candida) albicans was isolated following oral 


oi a ircomyvein therapy is deseribed and presented. (iolden yellow crystals con- 
e sidered to be possibly an altered form of aureomyein hydrochloride were found 
in the center of each monilial colony. 
¥ 
Aureomycin erystals in concentrated form when placed on plates seeded 
. th N. albicans tend to show temporary inhibition of the organism’s growth. 
ar Dilute aureomyein has a stimulatory effeet on S. albicans, increasing the 
lk perceptible growth of the culture as compared with the control. 
hy Microseopieally, aureomycin has a double action. Cells closely associated 
0 With the aureomyecin develop large or giant forms whereas cells some distance 
eh from the erystals but nevertheless in contact with diluted aureomyein develop 
in small, rapidly multiplying forms. 
Aureomyein hydrochloride fluoresces bright golden vellow and this was 

tro demonstrated in the primarily isolated colonies of Syringospora. 
1a Oral aureomyein is contraindicated in pulmonary mycosis caused by S. 
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VOCARDIA ASTEROIDES: STUDIES OF ITS PATHOGENICITY AND 
DRUG SENSITIVITIES 
ERNEST H. Runyon, PH.D. 
CHAMBLEE, GA. 


epeersigees investigations of drug sensitivities and pathogenicity of the 
aerobie actinomycete Nocardia asteroides have been few and conflicting. No 
report of experimental in vivo drug testing has been found in the literature. The 
purpose of the present investigation was to determine the in vivo as well as in 
vitro drug sensitities of some strains of N. asteroides, and to establish a pro- 
cedure for determination of pathogenicity, 

While sulfadiazine has been thought to have been efficacious in ¢linieal cases 
of nocardiosis,’* one strain of VV. asteroides has been reported to be quite 
insensitive to sulfadiazine. Streptomycin was reported to be effective in vitro' 
but was not found to be successful in the treatment of a human patient.’ An 
isolated mention of sensitivity to aureomycin® and a report that Nocardia 1s 
resistant to terramyein’ are in the literature. Penicillin, although widely used 
for nocardiosis, is definitely not well established as a successful drug for this 
disease.' 

Determination of pathogenicity is of primary importance because sapro- 
phytic actinomycetes are among the commonest of laboratory contaminants. 
rordon and Hagan! isolated from soil or potatoes 130 strains of Nocardia, some 

which were pathogenic. The important observation made was that the 

thogens were indistinguishable from the nonpathogens on the basis of eul- 
ral or fermentation characteristies. The literature abounds in conflicting re- 
rts as to the pathogenicity of N. asteroides for guinea pigs and rabbits." 


1 


ce seem to have been used by few investigators*: and have been stated to 


insuitable for pathogenicity testing.’* As shown in the present investigation, 


wever, mice may successfully be used and, indeed, are superior to other 


mals in some respects. 
MATERIALS AND METHODS 


The strains of Nocardia employed were as follows: two strains recently isolated from 
son VA Hospital patients, G and E; a relatively old laboratory strain, A; two strains 
lubious pathogenicity, W (isolated from gastric specimen), and 267, a Nocardia-like 
omycete of uncertain identity.* Working cultures were maintained in flasks of proteose 
ne-dextrose broth, pH 7, at 87° C. Young (5-day-old) mycelial mats were homogenized 
aking for five minutes with glass beads in a Florence flask on a Kahn shaker. Sterile 

was added gradually and the suspension transferred to a tube for settling of larger 
‘les. After twenty to thirty minutes the supernatant was removed to another tube, and 


Krom the Tuberculosis Research Laboratory, Lawson V. A. Hospital, Veterans Adminis- 
mn. 

Note: Published with the permission of the Chief Medical Director, Veterans Administra- 
Who assumes no responsibility for the opinions expressed or conclusions drawn by the 
Yr. 

Received for publication, Dec. 22, 1950. 

be All of these cultures were generously supplied by Dr. Libero Ajello, Laboratory Services, 
logy Unit, Communicable Disease Center, U. S. Public Health Service, Chamblee, Ga. 
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an aliquot taken for the determination of concentration by centrifugation in a Hopkins tubs 
The remainder of the supernatant was then diluted to the desired concentration, » For in viv 
experiments inocula of from 4 to 30 mg. per milliliter were employed. These were prepare 
on the assumption that 1 ¢.mm. of packed organisms is equivalent to 1 milligram. 

For the in vitro tests the serial dilution technique was employed, using the proteoss 


peptone-dextrose broth at pH 7. Each tube containing 5 ml. of medium was seeded with 0. 





ml. of a suspension containing the equivalent of 0.15 ¢.mm. of packed cells per millilites 
This inoculum was found to provide first appearance of surface growth in control tubes o1 
the second day after planting. 

Drugs from commercial sources were freshly prepared for each experiment. If m 
sterile they were Seitz-filtered. Usually four tubes of each concentration were employe 
Each test was confirmed by one or more repetitions, Cultures were incubated at S7° Cy. an 
examined each day. 

RESULTS 

Pathogenicity Tests.—Preliminary tests indicated that in spite of report 
to the contrary,’ ** our strains of Nocardia were pathogenic for mice. The 
notorious variability in response of individual animals to noeardial infection, 
making important the use of several animals for any test, indicated thy 
desirability of establishing a reliable procedure for virulence testing ino mic 
Tests were made to establish the amount of inoculum required for definite 
pathogenesis. While intravenous and intracerebral routes of inoculation proved 
to be successful, the intraperitoneal route was found to be most practical bi 
cause of its relative simplicity and applicability to mice of all sizes. White mic 
in one test were demonstrated to be susceptible to infeetion ; dba mice were used 
in all other tests. .\ summary of results is given in Table | 

With the inocula emploved its is evident that more mice will survive that 
will die of the infection. Miee surviving five days were usually found 
recover from the infection. Ilowever, the formation of lesions three to six da) s 
after infection is invariable, and sacrifice for autopsy during this period is 


therefore indicated. The number, size, and extent of lesions are greater afte) 





five days than after two or three. Lesions in mice correspond to those that 
oecur in guinea pigs or rabbits'?: a diffuse peritonitis with numerous whitis 
1 to 7 mm. nodules in omentum, lower diaphragm, and variably in spleen, live 
lungs, heart, kidney, et cetera. Smears of nodules almost invariably reveal thi 
slightly acid-fast pathogen in the form of branching hyphae of various lenet 


including many bhacillary fragments. Sometimes tangled masses of the organis! 


TABLE I. Mouse DratTiis DURING A PERIOD OF FIVE DAYS FOLLOWING INTRAPERITONI 
INOCULATION WITH N. ASTEROIDES IN PHYSIOLOGIC SALINI 


PER CENT 
STRAIN INOCULUM MG. NUMBER OF MICI MORTALITY 5 DAYS 
G 14 ; 10) 60 
10 . 
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ecur which might be described as microscopic granules. Pure cultures of 
V. asteroides are readily obtained from the pathologic mouse tissues. After ten 
lays or more most mice will have extensive lesions, often with adhesions between 


ie various abdominal organs and the peritoneum, while a few mice show little 





evidence of infection. Microscopie study of histologic preparations of the 
organs of the infected mice showed usually very acute small multiple abscesses 
both on the serosal surfaces and to a lesser extent inside the organ involved. 
he usual abseess is composed of mycelium surrounded by necrotic material and 
polymorphonuclear leucoevtes, with a variable amount of granulomatous reac- 
tion. 
Some evidence of decreasing virulenee with continued laboratory eulture 
vas seen. The same inoeulum did not always give the same proportion of deaths 
in five days. This was especially evident in the case of the laboratory strain A, 
whieh was clearly less virulent than the freshly isolated strains G and E. 
Inoculation in mucin instead of saline suspension resulted in a much higher 
ereentage mortality (Table II]). Wilson hog mucin (Type 1701-W) was 
emulsified to 4 per cent in water I use of a Waring Blendor ; the produet Was 
autoclaved and after cooling was adjusted to pH 7.5 with sterile NaOH. After 
1 sterility test the preparation was stored in the refrigerator. Sedimented No- 
cardia was suspended in this emulsion for inoculation of mice. Control mice 
injected with mucin alone or with mucin plus the saprophyte V. opaca remained 
evidently healthy. One hundred per cent of the test mice were killed by injee- 
tion of as little as 3 mg. of strains G, EK, or A. Mice inoculated with strain A 
were somewhat slower to die than those inoculated with strains G and FE, in this 
way exhibiting the lower virulence that was also indicated by strain A in the 
tests made without mucin (Table I 

+ Strains 267 and W were reported to have been isolated from human patients, 

it their etiologic relation to disease was doubtful. As tested with muein their 

rulence was shown to be much less than that of the strains G, E, and A. How- 


ever, W owas shown to have definite if low pathogenicity for mice, and 267 


ILE TIT. N. ASTEROIDES SUSPENDED IN 4 PER CENT MtcIN: MOouSE DEATHS FOLLOWING 
INTRAPERITONEAL INOCULATION 


, PER CENT 

STRAIN INOCULUM (MG, ) NUMBER OF MIC} MORTALITY 2? DAYS 

G 10 D5 100 

D 10 100 

HS 100 

i 5 »() 100 

; 10 10¢ 

9 4 fl) 100 

1.5 15 60 

l 10 60 

A 10 5 100 

5 5 Si)* 

3 5 60% 

W L( 2 20f 

267 10 5 0 


*100 per cent mortality by tenth day. 
‘40 per cent mortality by eighth day. 
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produced lesions of the same type as the more pathogenic strains. Mice inoeu 
lated with 10 mg. of strain W or 267 without mucin likewise showed thes 
lesions but survived the five-day period without fatalities. 

In Vitro Drug Tests—A summary of results of the in vitro tests with the 
three strains of NV. asteroides G, KE, and A is given in Table III. The three strain 
exhibited an impressive similarity in sensitivity to these drugs. It is evident 
that aureomyein, streptomycin, and sulfadiazine are inhibitory of growth i 
low and approximately equal concentrations, while terramyein, chloromycetin 
and especially penicillin and para-aminosalievlic acid are relatively ineffective 
Aureomyein is outstanding in producing complete inhibition of growth in the 
concentrations stated, while sulfadiazine permits a certain small amount. ot} 
erowth within twenty-four hours in every concentration tested (up to 600 
micrograms per milliliter). However, the effectiveness of sulfadiazine cannot 
be doubted. At a time when a heavy pellicle has formed in eontrol tubes, no 


surface growth is present in sulfadiazine-containing tubes. 


TABLE IIIT. MINIMUM CONCENTRATIONS OF DRUGS COMPLETELY INHIBITING SURFACI 
GROWTH OF N. ASTEROIDES IN SABOURAUD DEXTROSE BrotTH, PH 7 


DRUGS 4S HOURS 72 HOURS 10 OR MORE DAYS 
Aureomycin t uo/mi. 16 uwe/ml. 128 pwe/mli. 
Streptomycin 4 ng/ml, 16 uwe/mi. 128 ue/ml. 
Sulfadiazine 4 no/ml, 16 ue/ml. 128 wo/ml. 
Terramycin 16 pwe/ml. 32 wo/ml. . 
Chloromycetin 25 ug/ml 75 we/ml). 200 ug/ml. 
Penicillin 500 pe/ml. 1,000 uve/ml. 

Para-aminosalicylic acid 5 mg./ml. 10 mg./ml. - 


The anomalous development of Nocardia as a sediment during the first 
twelve to eighteen hours irrespective of sulfadiazine concentration was puzzling 
That it was not due to the special conditions on the surface as compared to 
those in the body of the liquid was shown by a number of tests. Inoeula care 
fully floated on the surface showed the same initial growth on the surface as 
had the usual submerged inocula below the surface. Tests made on sulfadiazin« 
containing agar revealed the same phenomena as seen in broth: growth at first 
irrespective of drug concentration on the surface of the agar (evident with 
microscope), then inhibition depending on drug concentration, 

It was observed that inocula from the twenty-four-hour growth in sulfa 
diazine-containing tubes when transferred to other sulfadiazine tubes developed 
very slowly or not at all, indicating perhaps that some metabolite present 
the inoculum, inaccessible to the action of sulfadiazine, was adequate for 1 
initial growth. 

The eventual development of organisms in drug concentrations initialls 


inhibitory is a familiar phenomenon commonly due to deterioration of the drug 


or to the appearance of a resistant population of organisms. Tests demonstrat: 
that no development of resistance to sulfadiazine occurred, and sulfadiazine 
sterile Sabouraud medium was found to be perfectly stable at incubator te 
perature for the time span of these experiments. But that sulfadiazine was 
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ot stable in the presence of Nocardia was indicated by reinoculation of 
ifadiazine medium from which initially appearing growth had been removed 

Seitz-filtration ; growth then appeared as if no drug was present. Indeed, 
sulfadiazine added to such filtrates was not effective in checking noecardial 
erowth, suggesting that an exeess of some antagonist to sulfadiazine had 
riginally been formed in the medium. 


Para-aminobenzoie acid was found to antagonize the effeet of sulfadiazine 





on Noeardia, as has been found for most sulfadiazine-resistant bacterial species. 

In Vivo Drug Tests —Methods: Intraperitoneal inoculations of mice were 
made as described previously and were given in quantity judged sufficient to 
result in a high but less than 100 per cent mortality. Drugs were administered 
subcutaneously or, in later experiments, intramuscularly. For most drugs one 
injection per day was administered. After six days or longer surviving mice 
were sacrificed and autopsied. The degree of pathologie change was estimated 
by the number and size of lesions at the site of inoculation, omentum, spleen, 
liver, and diaphragm. 

Penicillin: Although our strains of Nocardia were insensitive to penicillin 
in vitro, it was thought worth while to make an in vivo test since some reports” 7! 
have indicated that improvement has occurred in patients treated with penicillin. 
Ten mice were inoculated with 2 me. of strain E in mucin; five of these mice 
were given daily subeutaneous injections of 5 meg. (8,000 units) of Schenley 
penicillin G. Within five davs, 60 per cent of the control mice and all of the 
treated mice were dead. 

Aurcomycin: Beeause of the promising indieations of in vitro testing with 
aureomyein several trials of this drug were made in vivo. In the first test, 
2 me. were injected subcutaneously each day, and the drug was mixed with the 
food to the extent of 1 per cent. Two of twenty mice so treated succumbed to 
the infeetion as compared with seven of the control group. In two subsequent 
tests, inereased dosage (3 or 5 mg.) evidently afforded no protection. Toxicity 
of the drug as administered was thought to be interfering with the latter tests. 


In the next experiment, therefore, the drug was given by stomach tube, 5 me. 


vice a day. Again there was no evidence that aureomyein was effective: all of 


both treated and control mice died of the infection. Subsequently, note was 

nade of the recommendation of the intramuscular route for administration of 
aureomyein to mice.'® Each of fifteen mice was given 3 mg. intramuscularly 

the day of inoculation and 2 mg. on each of the next five days. No effeet due 

| aureomyein was evident on the basis of gross pathology of mice surviving 
| o the sixth day. However, only two of the aureomyecin-treated miee died, 

. ile eleht of fifteen control mice died of noeardiosis. 

ih Streptomycin: Twenty of forty mice inoculated with N. asteroides were 
: treated with streptomycin. Ten of these received 3 mg. a day subcutaneously and 
1 ten reeeived 5 mg. a day. Twelve of twenty control mice and eleven of the 


ted miee died of the infection. 


Sulfadiazine: Fairly consistent and definite results were obtained with 





si fadiazine (Table IV). Except for the third experiment where injections 
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TABLE IV. SULFADIAZINE TREATMENT OF NOCARDIOSIS IN MICE 





EXPERI DOSAGE PER PER CENT MORTALITY NUMBER 
MENT DAY (MG, ROUT! TREATED CONTROI OF MICI 
1 5 Subecu. 20 90 20) 

2 5 Subeu. 20 60) 10 
3 5 Subeu. 90) 100 20) 

4 5 IM. 0 50 20 

Total average 30 75 SO 


evidently were not started early enough to stem the overwhelming infeetion (a 
control mice were dead in forty-eight hours), there was impressively lows 
mortality for the treated than for the control miee. In the first and fourt 
experiments the degree of pathologic change of control mice surviving: eig 


days was approximately three times that of the mice treated with sulfadiazin 
DISCUSSION 


A method of easy application and dependable accuracy for virulence test 
ing is suggested by the data presented. The inoculum indicated is 15 ml. of a 
suspension of young homogenized growth adjusted to 20 me.—i.e. 20 ¢.mm 
centrifuge-packed cells—per milliliter. With such an inoculum probably fewe: 
mice will die than survive in five days, but at this time all will show the typiec 
nodules on peritoneal membranes, if the strain is pathogenic. With mucin such 
a strain in even smaller dosage may he expeeted to produce prompt death of 
all mice injected with it. Differences in degree of virulence may be estimated 
from the proportion of mice surviving five days after inoculation of a mucin 
suspension of the organism. 

It was learned after the completion of the present study that Strauss and 
Kligman®’ have independently shown that mucin furthers the pathogenic process 
of nocardiosis in mice. Their results are similar to ours, but evidently thei 
strain was less virulent than our strains G and KE. 

The multiplicity of morphologie and physiologic types of aerobie aetino 
mycetes suggests that there may be strain difference in drug sensitivities. In the 
present investigations no appreciable difference was found in the drug sensitiv! 
ties of the three strains tested. Haver, Migeliaceio, and Young.” however, 
reported one of their two strains of V. asteroides to be insensitive to sulfadiazin 
Furthermore, i 


eontrast to other workers, thes found both of their strains 
sensitive to penicillin. The laboratory work of these investigators was only vi 
briefly reported, but if confirmed it re-emphasizes the practical Importance i 
drug sensitivity tests for determination of the most promising chemothera 
for human treatment. 

In determination of drug sensitivity in liquid media it is important to 
recognize the two phases of growth: the early (submerged) growth and _ thie 
later-appearing pellicle. If pellicle formation were the only eriterion used for 
determination of drug sensitivity, the difference between aureomyein and 
sulfadiazine would not be seen; if, on the other hand, readings were made on!) 





at the end of twenty-four hours, sulfadiazine would appear to be quite ineffecti 
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The importance of in vivo drug testing, evidently not heretofore done with 


Noeardia, is shown in the lack of parallelism with in vitro studies. Our in vivo 


tests were in accord with those done in vitro with sulfadiazine and penicillin, 


ut not for streptomycin. Most of the in vivo tests of aureomyecin failed to show 


wenefit that might have been expected from the in vitro tests. 


SUMMARY 

1. Two strains of Nocardia asteroides recently isolated from pulmonary 
nfections of man and a laboratory strain of this organism were found to have 
similar drug sensitivities but differed in virulence. 

2. Methods of standardization of inocula are deseribed. 

3. Mice are susceptible to nocardiosis and suitable for virulence testing. 

!, Addition of mucin to the inoculum increases the mortality rate. 

». Mice treated with streptomycin were not protected, although this drug 
vas Inhibitory in vitro. 

6. Aureomyein, most inhabitors of any of the drugs tested in vitro, was 
doubtfully effective in mice. 

7. Penicillin was ineffective in vivo as well as in vitro. 

8. Sulfadiazine cheeked the development of Nocardia in the test tube and 


“reased the mortality rate of mice intected with this pathogen. 


Grateful acknowledgment is made to Dr. Martin Cummings, Dr. Byron Harper, and 
Mr. Paul Hudgins for very substantial assistance with much of this investigation. 
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THE REACTION OF HUMAN SERUM AND COMPONENT PROTEINS 
Ol HUMAN PLASMA WITH A QUATERNARY 


AMMONIUM SALT, OCTAB 


RALPH F'. Jacox, M.D. 
ROCHESTER, N. Y. 





UCATERNARY ammonium compounds such as oetadeeyl dimethyl benzyl 
ammonium chloride (Octab)* and cety] dimethyl benzyl ammonium 
loride (Cetylon) combine with hyaluronie acid or desoxyribonucleie aeid to 
rm turbid solutions Or precipitates. Since the degree of turbidity is pro- 
‘tional to the concentration of hyaluronie or desoxyribonucleie acid, an 
ttempt was made to apply the reaction between hyaluronic acid and the 
quaternary ammonium salt to an assay technique for the determination of 
{re ptococeal antihvaluronidase activity in serunn. During this investigation 
was found that eertain Serum proteins also O1VE al turbidity with the 
aternary ammonium compounds, and that in patients with acute rheumatic 
ever the sheht amount of turbidity contributed 1) the serum fraction was not 
vays constant. Further investigation revealed that the degree of turbidity 


serune proteins was untlormiv inereased m acute phase sera in contrast to 


normal sera. This report is concerned with the reaetion of serum with 

ternary ammonium eonimpounds 
EXPERIMENTA WETEOD 

‘he measurement of the turbidity of human serum with quaternary ammonium eom- 

Is is made in the following manner. Human serum obtained by separation of serum 

hole blood elotted in 10 by 1.5 em. sterile glass tubes is diluted 1:100 in 0.08M sodium 

e solutio . 2 ml q oO ted serul orrespondil o 0.02 ml. of whole serum 

proximately 12 mg. of serum protein, is p.petted to 2 15 ml. euvette. To this are 

5 ml. of 0.08M so m chloride butfere t pll 6.8 by O0.0O5M ecollidine buffer.2 One 

ter of O.1 pet ent Ovt » in distilled water is then a Wed, al the contents of the tube 

iixed., \ turbidity develops imm« lately ich inereases in amount during a period of 

inutes. The pel entacve transmissior rf lielt S read 1n a Kromatrol photometer 

¢ filter 460) after maximum turbidity has developed. The ‘turbidity unit is then ex 

( is log | 1,000 


RESULTS 


Variations of Turbidity mm Nera ol Vormal and Abnormal Individuals. 

sera of ninets seven normal medical students were assaved for turbidity. 
distribution of turbidity values for this group is shown in Fig. 1. It will 
‘hbserved that all sera cause a turbidity greater than 50 units, with most 


es wine between 70 and 100 units. Whenever values greater than 100 are 


Research carried out under vrant for thre tudv © rhetumatr fever from the Masonic 
lation for Medieal Research and Human \Wel 
Received for publication, Dec. 28, 1950, 

\ variety of quaternary ammonium compounds including octadecyl dimethyl benzyl am- 


um chloride (Octab) wa supplied through the generosity of Mr Wellington Rounds, 
field Laboratories, Inc., Plainfield, N. J. 

\ barium sulfate standard prepared by addition of 3.0 ml. of 1) per cent BaCl.2H2O 
‘Mo oml. of 0.2N HeSOy gave an optical density of 0.205. Comparable values are obtained 
a Coleman Junior photometer 
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encountered, there is usually some infeetious process to be found in the p: 
tient. For example, respiratory infections in otherwise normal subjects caus 
an increase of serum turbidity to values between 120 and 130 units. 
Individuals who have a severe illness due to such unrelated pathologi 
changes as carcinoma, pneumonia, rheumatic fever, and rheumatoid arthriti 
also have greatly increased turbidity indices, in some instances as high 
260 units. In another communication’ it is shown that the determination « 
the Octab turbidity index is a reliable and convenient method for estimatin 


inflammatory activity during the course of rheumatic fever. 








Fig. 1 Distribution of serum-Octab turbidity value na group of normal medic tudent 


Ri lationship of Octab Turbidity in Nerum to Other Abnormal Compone nis 
of Acute Phase Nera, Various procedures Were earried out in ali attempt 
characterize the substance in serum which gives a turbidity with quaternary 
ammonium compounds, In each instance the treated sera were tested in the 
same manner as already described. It was found that dialysis of serum in 
cellophane membrane for five days against running tap water produced } 
loss of the serum component causing turbidity upon addition of Oetab. Wher 
diluted serum was heated for fifteen minutes at 60° C., no change in turbidits 
resulting from adding Oectab was noted. Prolonged storage at 4° (. cause 
no change other than a slight increase in turbidity which may be related to 
concentration of serum by evaporation. 

Adsorption of acute phase serum with Type pA PHeunmococel to remo 
the C-reactive protein produced no deerease in serum turbidity viven Wi 
Octab, nor was any alteration of turbidity observed after treating either m 
mal or acute phase sera with Bacillus subtilis. 

Reports of an elevated serum mucoprotein in various infections su 


gested that this might be the protein component reacting with Octab.© Seru 
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iucoprotein was prepared by Winzler’s method.£ When this protein was 
dded to Oetab, even in a hundredfold concentration above maximum inere- 
ents found in pathologie sera, no turbidity was formed, 

Correlative studies were made to compare the serum inhibition for testicu- 
ir hyaluronidase? with the degree of serum turbidity given with Octab. In 

veneral, while each was elevated in acute infectious processes, no propor- 
tionality of one to the other could be established. This suggests that the 
hyaluronidase-inhibitor faetor differs from the turbidity-producing substance. 
The heat stability of the latter also precludes similarity since the hyaluroni- 
lase Inhibitor is heat labile. 

Crude fractionation of acute phase sera by means of (NH,).SO, preeipita- 
tion has been earried out. After dialysis in a cellophane tube in running tap 
vater for two days, the albumin and globulin fractions were reconstituted in 
O.85 per cent sodium chloride solution to the same protein concentration as the 
original serum. The component which reacts with Octab resides in the globu- 
in fraetion, 

Effect of Salt Concentration and pH on Serum Turbidity.—The reaction 

an anionie detergent, sodium laury] sulfate, with various proteins is in- 
fluenced by salt concentration, pH, and concentration of reactants.S Only a 
few similar observations have been made with respect to cationic detergents 
of the quaternary ammonium type. Tice and Pressman’ observed that 
‘anionic gelatin’’ formed turbidity with Zephirol (a mixture of alkyl dimethy!] 
ammonium ehlorides) at pH 6.0 but not at pH 4.0. ‘*Cationie gelatin’’ did 
not produce turbidity with Zephirol at any pH. Jaffé'’ showed that addition 

Zephirol to protein solutions of 10 mg. per milliliter concentration caused 

ecipitation at the isoelectric point of several different proteins studied. 

In order to study the effeet of variation of pH on the reaction of Octab 
th serum and two component proteins of serum, a series of 0.05M_ buffers 
ere prepared varying from pH. 5.0 to 10.5. Acetie acid-sodium acetate buf- 
ers at pil 5.0 to 5.5, KH.LPO,-Na. HPO, buffers of pH 6.0 to 7.5, horie acid- 
dium borate buffers of pH 8.0 to 9.5, and glyeine-sodium glycine buffers of 

It 10.0 to 10.5 were used. The pH of each buffer was determined by glass 
ectrode measurement. 


Human albumin.* gamma elobulin,t and whole serum were diluted = in 


SM sodium chloride solution to a concentration of 0.6 mg. per milliliter. 

vo milliliter aliquots were then added to 5 ml. of the various buffers, and 
‘bidity was determined after addition of 1.0 ml. of 0.1 per cent Octab. 
The results of this experiment are illustrated in Fig. 2. It will be observed 
t albumin produees no turbidity with Octab until pIT 9.0 is reached. Gamma 
bulin causes slight turbidity at pH 7.0. In contrast, serum causes turbidity 
form at pH 5.5 which increases progressively with increase in pH. It will 
*Concentrated (25 Gm. per 100 ml.) salt-poor human albumin was obtained from E. R. 
bb & Sons, New York. 


‘Immune serum globulin (human) in concentration of 160 mg. per milliliter was obtained 
i Cutter Laboratories, Berkeley, Calif. 
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be noted, however, that the increase in serum turbidity in the pH range of 6 


» occurred only when a collidine buffer was used. A variation of th 


to 7. 
pH. of the phosphate buffer in this range caused no change in serum turbidit, 
after addition of Octab. Collidine buffers also appear to enhance the reactivit 
of albumin while that of gamma globulin is unchanged. These data sugges 








Fig. 2.—Ie:ffect of pH on turbidity of various protein 
of the different proteins tested were added to an equimolar 
in respect to pH. The optical density resulting trom 


variation in pH. 











MOLAR CONCENTRAT 


Fig. 3.—The effect of salt concentration on turbidity of serum proteins with Octab 
means of the indicated buffers (at constant pH of 7.3), increasing concentrations of bul 
were added to 0.02 ml. of human serum. The turbidity resulting from addition of const 
amounts of Octab was then expressed as optical density and plotted against the molar 
centration of the various salts. 
that phosphate may inhibit reactivity’ of some of the serum proteins v 
Octab in a pH range of 7.0 to 8.0. The data also indicate that the reacti 
component of serum in pH range of 5.5 to 7.0 is neither albumin nor gan 
globulin. 

The effect of salt concentration on reactivity of serum with Octab 
shown in Fig. 3. Collidine and Na.HPO,-KH.PO, buffers at pH 7.5 w 
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diluted suitably to make solutions of decreasing molar concentration. A 
sodium chloride solution adjusted to pH 7.8 with NaOH was similarly em- 
ploved in decreasing molar concentrations. It will be observed that an optimal 
sult concentration is required for maximal turbidity formation. In the case 
of phosphate buffer a concentration of 0.0125M is optimal, whereas with NaCl 

optimal concentration is 0.05M. An inerease in concentration of either 
sodium ¢hloride or phosphate beyond these limits inhibits the turbidity re- 
action of Oetab with serum. Conversely, collidine buffer in increasing c¢on- 
centrations causes increasing turbidity. If collidine buffer is prepared in 
(OSM sodium chloride solution, variations in salt Concentration have less ef- 


fect on turbidity. 


Fig. 4.—-Effect of protein concentration on Octab turbidity. Increasing amounts of the 
ited proteins were added to a system containing 0.08M sodium chloride buffered with 
M collidine at pH 6.8. The turbidity resulting from addition of either 0.1 per cent or 1.0 
ent Octab was then plotted as optical density against the logis concentration of protein 
igrams per milliliter). 


The effect of concentration of the reaction components in the protein- 
ternary ammonium system was also studied. In this experiment varying 
ncentrations of albumin, gamma globulin, and normal or acute phase serum 
e made up in 0.O8M sodium chloride solution buffered to pH 6.8 with 
M collidine buffer. A solution of 0.1 per cent Octab was added to one 
ies of protein dilutions, and a 1.0 per cent Octab solution was added to an- 
er series of dilutions. Inspection of Fig. 4 reveals that normal serum pro- 
es an optical density of 0.165 at 3.2 mg. per milliliter concentration. 
ereas an acute phase serum from an individual with rheumatic fever gives 
ptical density of 0.285 with the same total protein concentrations. In this 
e coneentration, albumin and gamma globulin with Octab give optical! 


sities of 0.025 and 0.040 respectively. It is thus clear that the albumin and 


ma globulin fractions contribute very little to the turbidity given by 


le serum, Only after albumin reaches a concentration of 18 mg. per 
iliter and gamma globulin 10 mg. per milliliter does one approximate the 
idity value given with 3.2 mg. per milliliter of whole serum. 
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The reaction of Octab with albumin, as shown in Fig. 4, is quantitative 
different from that of Oetab with serum or gamma globulin in that a marke 
decrease in turbidity occurs when 0.1 per cent Octab is added to albumin so! 
tions of increasing concentrations. With serum or gamma globulin the « 
crease in turbidity with 0.1 per cent Octab as the protein concentration i 
creases is much less marked. These results at present are not easily expla 
able. 


DISCUSSION 


The interaction of proteins and synthetic detergents may be related 
electrostatic attractions between oppositely charged iomie groups and to an as 
sociation of nonpolar residues. The effect of this reaction may be manifested 
by precipitation, by denaturation, or even by inhibition of heat coagulation 
reactions. Although synthetic detergents inhibit the coagulation of denatured 
proteins, the same detergents precipitate native proteins under certain con 
ditions of pl and of weight ratio of protein to detergent.” In the case 
anionie detergents, the amount of detergent bound is stoichiometrieally 
lated to the number of basic groups in the protein.' 

The demonstration of Tiee and Pressman® that ‘‘anionie’’? but not 
‘cationic’ gelatin reacts with a quaternary ammonium salt, Zephirol, to form 
a precipitate suggests that, conversely, the reaction of protein with cationic 
detergents is related to the acidic groups in the protein. 

That the reaction of human serum with a quaternary ammonium salt. is 
distinctly different from the reaction of albumin and gamma globulin is evi 
dent from a study of the effect of pH and the ratio of detergent to protel 
In the former instance turbidity forms with serum at pH 5.5 and inereases as 
the solution is made more alkaline. At pH 7.5 considerable turbidity results, 
although at this pH turbidities given by albumin and gamma globulin are 
negligible. In the latter instance it was shown that as small amounts of serum 
protein as 1.3 mg. per milliliter cause turbidity, whereas as much as 8 to 10 mg 
of albumin or globulin are necessary to produce a corresponding amount of 
turbidity. 


A consideration of these data suggests that there exists in human serun 


an acidic protein or other polymerie substance which reacts strongly with 


quaternary ammonium salts of the nature of those used in this work to ‘orm 
a precipitate. A mucoprotein of this type has been deseribed by Winzler’ 
group.” However, this protein, prepared from normal serum, was found 
be unreactive with Octab in pH range of 6.0 to 10.0. 

Similarly, the C-reactive protein found in acute phase sera might 
responsible for causing turbidity when serum is treated with Octab. Ads 
tion of C-reactive protein from serum caused no decrease in the capacity 
the serum to form turbidity with Octab. 

The occurrence of a nondialyzable calcium-requiring bactericidal siib- 
stance for B. subtilis’? in acute phase serum suggested that this factor might 
by reacting with Octab. The inhibitory effeet of phosphate buffer on ce- 
velopment of turbidity also suggested a similarity between these two factors 
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fowever, as has been stated, addition of B. subtilis to acute phase serum did 


ot alter the turbidity reaction for Octab. Conversely, addition of increments 


Octab to serum did not neutralize the bactericidal factors of serum for 
> subtilis. 
Whatever the characteristics of the turbidity-producing protein are, pre- 
ininary investigations suggest that it resides in the globulin fraction of hu- 
man plasma, 


SUMMARY 


The reactivity of serum protein, human albumin, and gamma globulin with 
quaternary ammonium salt, Oetab, is deseribed. 
Under suitable experimental conditions normal and acute phase serum eon- 
fains a component reactive with Oectab which is neither albumin nor gamma 
elobulin, 


The nature of the reacting component is discussed. 
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THE REACTION OF HUMAN SERUM WEITIEL A QUATERNARY 
AMMONIUM SALT: RESULTS OF A SERIAL STUDY 
IN ACUTE RHEUMATIC FEVER 
Raueu F. Jacox, M.D., ann Robert G. GALE, M.D. 
RocHESTER, N. Y. 


|* A preceding communication! the reaction of whole serum and two co) 


ponents of serum, albumin and gamma globulin, with a quaternary ai 
monium salt was deseribed. It was shown that the addition of oetadecy! 
dimethyl benzyl ammonium chloride (Octab) to serum under controlled cot 
ditions of pH, salt concentration, and protein to detergent ratio caused turbid 
ity formation which could not be due to either the albumin or gamma globuli 
fractions. The amount of turbidity was found to vary within a narrow range 
in a series of normal, healthy adults but increased significantly whenever dis 
ease was present. [For example, patients with acute rheumatic fever are o 
served to have a high serum turbidity after addition of Octab, during the acute 
phase of the illness. During convalescence this reaction decreases and finally 
falls to normal turbidity ranges when a complete recovery from rheumatic 
fever has resulted. This report is a study of the serum-Octab turbidity re 


action in a group of patients with rheumatie fever and rheumatoid arthritis 


EXPERIMENTAL METHOD 


Patients selected for this study consisted of children admitted to the hospital Ww 
an unequivocal diagnosis of rheumatie fever, \ prolonged follow-up study was possil 
since all of this group were discharged to a convalescent home for children where a care 
ful clinical and laboratory observation was continued. In all instances but two, treat 


} 


ment consisted of salicylate therapy and bed rest during the acute stage of illness. 


Blood samples were usually collected once a week during the acute phase of illness 
and once every two weeks during convalescence. These san ples were obtained in ster 
glass test tubes and the separated serum was immediately frozen and stored in rubbe 
stoppered glass tubes at —20° C. until use. Assay of serum for Octab turbidity was made 
according to a previously described method.! Sedimentation rate was determined 
Wintrobe’s method. The bactericidal action of serum for Bacillus subtilis was assayed \ 
a previously described technique, The degree of inhibition of B. subtilis by the unkn 
serum is arbitrarily expressed as per cent inhibition. In each test, serum from a normal 
dividual is inoculated at the same time as the unknown serum. The residual bacterial co 
in the normal serum after two hours of incubation at 37° C. is caleulated as zero inhibit 


The log 


510 


of this number of bacteria is plotted on a graph against per cent inhibition, A 
is drawn from zero inhibition (value of norm&él serum) to 100 per cent inhibition (no growt 
Any intermediate inhibition by the unknown serum is then determined from this line by 
culating the per cent inhibition from the log, of the residual bacterial count in the unk: 
sera. 

Zesearch carried out under a grant for the study of rheumatic fever from the Mas: 
Foundation for Medical Research and Human Welfare. 

Received for publication, Dec. 28, 1950. 
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RESULTS 

Correlation of Serum-Octab Turbidity With Clinical and Other Laboratory 
Observations.—The observations shown in Figs. 1 to 7 were made on six dif- 
ferent individuals with either acute rheumatic fever or chorea and on one pa- 
tient with acute rheumatoid arthritis. Similar data have been obtained from 
an additional twelve patients with rheumatie fever and ten with rheumatoid 
arthritis. The results in this latter group were similar to those shown in 
igs. 1 to 7. 
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‘ig. 1 Patient K. E., with acute rheumatic fever, was given 300 mg. of ethenyl testos 
me each day as indicated. Serum-Octab turbidity (open circles), erythrocyte sedimenta- 

rates (solid circles), and bactericidal activity (bar graph) are shown. Temperature 
xima and minima are illustrated in the upper part of the figure. 


The first subject, Patient K. BE. (Fig. 1), was a 15-year-old boy who was 


uitted to the hospital in January, 1950, At this time he was acutely ill 


th rheumatie fever and had migratory joint points associated with an ef- 


ion into the right knee joint. The initial laboratory study revealed an in- 
eased polymorphonuclear leucocyte count and an erythroeyte sedimentation 
e (Wintrobe) of 40 mm. per hour. Blood serum obtained on the first day 
lospitalization had an elevated Octab turbidity of 170 units and showed 70 
cent inhibition for B. subtilis. Three hundred milligrams of ethenyl] testos- 
me were given on the second day and it was continued in this amount for 
nty-three days. One week after admission the patient was afebrile and 
no symptoms of active rheumatie fever. He remained asvmptomatie and 
rile except for an episode of fever on the thirty-ninth day. This was at- 
utable to an epidemie illness of diarrheal disease which similarly afflieted 
‘ry children in the same hospital ward. It will be observed from Fig, 1 


serial assay of serum-Octab turbidity revealed a progressive fall of this 
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index during the first forty days of hospitalization. Correspondingly, a d 
crease of bactericidal activity of his serum took place, so that a negligil 
amount was present on the thirtieth day. In contrast to these findings we 
the values of the erythrocyte sedimentation rate. These persisted at hig 


levels until salicylate therapy was started. 











Fig. 2. Patient M * with recurrent rheumatic fever, received 6 mg. of ACT 
day, reduced finally to 1 mg. a day as indicated Maximum and minimum te 
changes are plotted with sults of serum-Octab turbidity (open circles) and erythro 
mentation rate (solid cireles) 


The assay of serum-Octab turbidity and bactericidal activity in this 
stance reflected accurately the clinical improvement of the patient. In co 
trast, erythrocyte sedimentation rate determinations remained elevated, despit 
absence of fever and tachyeardia, and returned to normal only after salieyvlat 


therapy was begun. 


In ig. 2 observations made on Patient M. I. a 13-year-old boy admitt 


in July, 1950, with recurrent rheumatie fever, are shown, An initial atta 
of acute rheumatie fever was studied in August, 1948, at which time he 1 
severely ill with myocardial and endoeardial disease, complicated by erythe 
marginatum. During this period a persistent high elevation of serum-Oect 
turbidity was found, and this did not return to normal ranges until Ap! 
1949. The recurrent attack shown in Fig. 2 was also severe and was associat 
with joint pains, fever, and signs and svmptoms of heart failure. Adret 
corticotrophic hormone was administered in 15 mg. amounts every six hot 
on the second day and continued as shown in Fig. 2.) On the sixth day 

patient was afebrile, and all rheumatic symptoms had subsided. An initi 
serum-Octab turbidity index of 210 was found. Concomitant with adm 
istration of ACTH this value increased to 240 units and remained hi 
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throughout the period of hormone therapy. Similarly there was little change 

in the erythrocyte sedimentation rate during this time. On the thirtieth day, 

however, the serum-Octab index decreased and fell to 138 units forty days 
er. 

These data indicate that ACTH caused complete arrest of rheumatic 
mptoms but had little effect on rheumatic activity as reflected by the serum- 
ctab turbidity and erythrocyte sedimentation determinations. It is doubtful 
it ACTIL actually stimulated an increase of serum-Octab turbidity sinee 
dministration of this hormone to several normal individuals has not caused 


any change in the turbidity index. 
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Fig. 3.—Patient J. B., with acute rheumatic fever. The severity of rheumatic activity 

dicated at the top of the figure. Serum-Octab turbidity (open circles), erythrocyte sedi- 

mentation rate (solid circles), and bactericidal activity (bar graph) are shown during an 
ation period of nine months 


The course of Patient J. B., a 10-year-old girl with a primary attack ot 


‘ute rheumatic fever, is shown in Fig. 5.) It will be observed that persistent 
evations of serum-Octab turbidity values, erythrocyte sedimentation rate, 


nd bactericidal activity were found during the period of clinical evidence ot 


eumatie activity. It is of interest that a striking elevation of turbidity 


eceded by two weeks the onset of “epidemic” nausea and vomiting. This 
iess affected several other patients in the same hospital ward. Finally, 
er 270 days the serum-Octab turbidity index returned to normal levels. At 
s time all evidence of rheumatic activity was absent both by elinical and 
etrocardiographic observation. 

Another example of the course of acute rheumatie fever is seen in Patient 
H.. a 13-year-old girl whose laboratory data are shown in Fig. 4. An ele- 
ed serum-Octab turbidity index, an increased bactericidal effeet for B. 
itilis, and elevations of erythrocyte sedimentation rate were present during 
acute phase of her illness. During convalescence, persisting unexplained 
‘tuations of serum-Octab turbidity index occurred. These could not be at- 


mutable to respiratory infection nor to any clinical evidence of rheumatic 
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activity. It is also of interest that in this patient the values of erythroc) 


sedimentation rate persisted in the range of 20 .am. per hour. It is possible tl 
these abnormalities represented evidence of clinically submerged rheuma 


activity. 
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Fig. 4.—Patient L. H., with acute rheumatic fever Serum-Octab turbidity is depicts 
by open circles, erythrocyte sedimentation rate by solid circles, nd bactericidal activity |! 
bar graph. No clinical evidence of rheumatic activity was present during the last three mont 
of study. 

Fig. 5.—Patient J. Q., with acute rheumatic chorea. Serum-Octab turbidity (open circl 


} 


is compared with erythrocyte sedimentation rate (solid circles) Observe that clinical activit 
of the chorea persisted throughout the period of study 


The results of study of a patient with acute rheumatic chorea (Patient 
J. Q.) are shown in Fig. 5. During a period of 250 days of observation th 
patient demonstrated clinical evidence of rheumatic activity. There was pet 
sistent chorea, an increase in QTe interval on ECG and intermittent respirator) 
infections. It is of interest, therefore, that although the erythroeyte sedime 
tation rates were always less than 20 mm. per hour, the serum-Octab turbidit) 
values were persistently elevated. The observations of this and other patient 
reveal that an inereased serum-Octab turbidity may be found even when 
erythrocyte sedimentation rate of less than 20 mm. per hour is present. 

In contrast to the observations of the preceding five individuals are 1 
data obtained from Patient KE. K. (Fig. 6), an 11-year-old boy who develop: 
acute rheumatic fever in January, 1949. In the first week of his illness the 
Was an increased erythrocyte sedimentation rate and bactericidal activity 
the serum. A gratifying clinical response to salicylates was obtained, duri 
which time a prompt decrease of erythrocyte sedimentation rate and baeter 
cidal activity was noted. The first observation illustrated in Fig. 6 was ma 
one month after the onset of illness. This patient remained under surveillat 
for 330 days, during which time he seemed to be completely reeovered fr 


rheumatie fever. During all this period, normal serum-Octab turbidity indic 
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well as normal sedimentation rate values were obtained. Similar studies 
less extended duration (120 to 200 days) have been made on six other pa- 


tients who reeovered from acute rheumatie fever. 














Fig. 6 Patient I. K., with acute rheumatic fever, observed one month after onset of 
ite disease During the eleven-month period of study no clinical evidence of rheumatic 
Vity was present Normal values of serum-Octab turbidity (open circles) and erythrocyte 
mentation rate (solid circles) were found during the entire period of observation. 











Fig. 7 Patient Kk. M., with grade 2, stage 1 rheumatoid arthritis. This figure compares 
nonspecific changes in blood serum resulting from the inflammatory reaction of arthritis. 
ibscissa represents the upper limit of normal for healthy adults for each test illustrated. 
throcyte sedimentation rates (not shown) were persistently elevated throughout the ob- 
tion period, 


A comparison of serum-Octab turbidity with other nonspecific changes in 


ian blood was made in a group of patients with rheumatoid arthritis. A 


resentative example of these results is shown in Fig. 7 which illustrates 
rvations made on a 49-vear-old man (Patient E. M.) who had grade 2, 
re 1 rheumatoid arthritis. He was given 500 me. of artisone* each day 
ing most of the study period with only shght clinical improvement. 


*Artisone (A5-pregnene-3f, 21-diol-20 one, 21 monoacetate) obtained from Wyeth In- 
orated, Philadelphia, Pa. 
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A battery of nonspecific tests for measurement of rheumatic activity w 
employed. Testicular hyaluronidase inhibition (done on fresh serum) w 
determined by Glick’s method! and is expressed in terms of R value rathy 
than per cent inhibition. The C-reactive protein titer was measured by a 
dition of a standardized suspension of Formalinized Type 27 pneumococei 
0.5 ml. of serial twofold dilution of serum. The last tube to show defini 
capsular swelling is taken as the end point of the C-reactive protein.) Erythr 
cyte sedimentation values (not plotted in ig. 7) were persistently elevati 
in a range of 38 to 40 mm. per hour. 

An inspection of Fig. 7 reveals that a significant increase of all cor 
ponents was found. In each instance these values were persistently elevate 
with the possible exception of serum-Octab turbidity and testicular hyaluror 
dase inhibition levels. The sheht elinieal improvement of the patient was best 


reflected by the slight decrease of the values of these two assay techniques. 
DISCUSSION 


Many different changes in human blood and serum during acute infections 
or in acute rheumatie fever have been deseribed. These include alteration ot 
the erythroeyte sedimentation rate.” occurrence of an abnormal Weltmat 
serum coagulation,’ presence of an abnormal C-reactive protein,’ increas 
testicular hyaluronidase inhibition,” increased bactericidal activity of serun 
for B. subtilis,’ and other changes. 

This deseription of the reaction of human serum with a quaternary 
monium salt (Octab) to form turbidity is an example of another type of pr 
tein change which occurs in acute phase sera. The mechanism by which these 
apparently unrelated stress manifestations are produced is not clear. 

Regardless of the significance of these abnormalities in acute phase se: 
it appears that measurement of turbidity after addition of Octab to serum m 
offer a simple and reliable assay of inflammatory reactions in human beings 
In this investigation a serial study of serum-Octab turbidity in a group 
eighteen patients with rheumatie fever and eleven individuals with rhe 
matoid arthritis indicates that this technique is a valuable laboratory aid 
assessing rheumatic activity. 

In view of the sensitivity of serum-Octab turbidity in detecting infla 
matory reactions, an application of this study may provide some insight into 
the problem of submerged rheumatic activity in clinically ‘recovered’? rhe 
matic fever patients. An increased serum-Octab turbidity found in rheumatii 
fever and rheumatoid arthritis is in no sense a specific measure of rheumatic 
inflammatory reaction. Similar increases are found in such unrelated pat! 


logie conditions as pneumonia, poliomyelitis, carcinoma, and tubereulosis. 


SUMMARY 


Correlative studies of erythrocyte sedimentation rate, bactericidal 
tivity of serum for Bb, subtilis, and serum-Octab turbidity have been deseril 


in a group of patients with rheumatic fever, chorea, and rheumatoid arthrit 
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The serum-Octab turbidity index is shown to reflect accurately the de- 
ee of inflammatory activity in these diseases. 


Grateful acknowledgment is made to Roy B. Greer, M.D., Howard Joos, M.D., and Lloyd 


Filer, Ph.D., who assisted in obtaining sera and interpretation of electrocardiograms, and 


Gloria L. Cushing, B.A., for technical assistance. 
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ESTIMATION OF NONGLUCOSAMINE POLYSACCHARIDES OF TH 
SERUM PROTEINS WITH THE ANTHRONE REAGENT 
M..M. Grarr, M.Sc., E. M. Greenspan, M.D., I. R. LEHMAN, B.A., 
‘ND J. J. HOLECHEK 
BALTIMORE, Mp. 


INTRODUCTION 

— in 1946, demonstrated that anthrone was a sensitive and s| 
cific reagent for the detection of carbohydrates.’ A large number of car! 
hydrates, including mono-, di-, and polysaccharides, dextrins, bacterial pols 


saccharides, and cellulose derivatives yielded! ? positive reactions, manifest: 


by the development of a characteristic green color upon the addition ot 


solution of anthrone in concentrated sulfuric acid. The anthrone react 
was adapted for the quantitative estimation of certain carbohydrates, 


eluding glycogen® and blood sugar.t| Sattler and Zerban” * postulated th: 


the anthrone reaction requires the initial formation of furtural or furfur 
derivatives from carbohydrates which give a positive reaction. The inability 
of desoxyribose, glucosamine, glucurome acid, and certain other carbohydrate 


To produce the color seemed to be in conformity with an expected lack 


furfural formation from these substances under the conditions of this 


action. 

During studies on the serum glycoproteins of patients with cancer 
other diseases, it was considered. desirable to investigate the reaction of 
anthrone reagent with certain protein-bound polysaccharide fractions of 


Inan serum. 
MATERIALS AND METHODS 


7. The Determination of the Total Polysaccharides Bound to Serun 
Reagents: 


1. Absolute ethyl alcohol (99.9 per cent 
2. Anthrone reagent*—0.2 per cent anthrone (National Biochemical Company 
per cent sulfurie acid. 

3. 0.9 per cent saline solution. 

Methods: ,The serum is diluted with twice the volume of 0.9 per cent saline. \ 


ml. aliquot of the diluted material, containing 0.134 ml. of serum, is pipetted dropwise 


a 15 by 125 mm. Pyrex tube containing 10 ml. of absolute ethyl alcohol. The preeipit 
formed is thoroughly mixed and then centrifuged for ten minutes at 2,000 > r.p.m. 


supernatant is decanted and the precipitate is washed by suspension in 10 ml. of abs¢ 


ethanol, followed by centrifugation. Four milliliters of water are added to the ale 


To this solution 8 ml 


1 
j 


washed precipitate and the material is agitated until dissolved. 
the mixture is thoroughly stirred with a glass rod, 


anthrone reagent are added slowly; 
allowed to stand at room temperature for a period of 
time, the solutions are transferred to colorimeter cuvettes and the optical density is meas 


fifteen minutes. At the end of 


From the Clinical Research Unit, National Cancer Institute, United States Public He 


Service, Marine Hospital. 

teceived for publication, Jan. 6, 1951. 

*The anthrone reagent should be freshly prepared 
standing. 


before use since it deteriorate 


736 





ESTIMATION OF SERUM POLYSACCHARIDES WITH ANTHRONE REAGENT 
a wave length of 620 mp in a model 6A Coleman Junior spectrophotometer. A reagent 
ink made up of 4 ml. of distilled water and a set of standards (containing 0.2 and 0.1 mg. 
spectively of an equimolar mixture of galactose and mannose in 4 ml. of water) are treated 
the same manner as the unknown solutions, 
Calculations: 
O.D. unknown | ; 
K 0.5 0) o. OG ser moneharnide 
7. waakacd 0.134 L00 mg. % serum polysaccharide 
expressed as galactose-mannose, 


Il. The Determination of the Polysace harides in the Muco-protein Fraction of Serum. 
Reagents: 


1. Perchlorie acid—6 per cent. 

2. Phosphotungstie acid—5 per cent in 2N HCl, 
Absolute ethyl aleohol (99.9 per cent 
Saturated solution of sodium carbonate 
Anthrone reagent. 


Vethods: ‘To a measured volume of serum, preferably 3 to 5 ml, two volumes of 6 


The precipitate formed is shaken and allowed to stand 
filtered through No. 50 Whatman filter paper. 
ml.) of the filtrate, containing the 


cent perchloric acid are added, 
exactly ten minutes, after which it is 


ter complete filtration, a measured volume (2 to 3 
serum mucoproteins, is pipetted into a 15 by 125 mm. Pyrex tube (the remainder of the 


rate may be used for the biuret protein determination) and 2 ml. of the acid phosphotung 


ite are added. A light floeculent precipitate is formed which is swirled gently and allowed 


stand for fifteen minutes, At the end of this period, the tubes are centrifuged at 2,000 
supernatant is decanted and the precipitate washed _ first with 


The aleohol 


p.m. for ten minutes. The 


ml, of the phosphotungstie acid and then with 10 ml. of absolute ethanol. 


shed precipitate is then dissolved in 0.5 ml. of saturated sodium carbonate and the solution 
t 

brought to a volume of 4 ml. with distilled water. Eight milliliters of the anthrone reagent 

as described under 


added with care* and the remainder of the procedure is carried out 


ion TI, 


Calculations: 


O.D. unknown 


O.D. standard 
mg. % polysaccharide 
. . (expressed as valactose mannose 
ml. filtrate used Soo 
In serum mucoprotemn 


ml. total filtrate 


RESULTS AND DISCUSSION 


The absorption spectral curvest derived from the reaction of anthrone 


th galactose, mannose, and an equimolar mixture of galactose and mannose 


that the polysaecharide of 


were investigated, since it has been observed® * 
serum is composed of galactose, mannose, and glucosamine. The spectral 


ves shown in Fig. | demonstrate that the green-colored product obtained 


th equivalent amounts of galactose and mannose and with an equimolar mix- 
e of these compounds were identical, showing absorption maxima at 
20) my. 

Dreywood!' reported that proteins did not produce the specific green color 


en allowed to react with the anthrone reagent. Morris? noted that proteins 


*A vigorous reaction with evolution of C¢ Yo takes place ; therefore, extreme caution should 
xercised on adding the anthrone reagent. 

‘The absorption spectrum data were determined on a model DU Beckman quartz spectro 
ometer, using Corex cuvettes and a light path length equal to 1 centimeter. 
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form a red color with the anthrone reagent. Seifter and co-workers® reporté 
that tryptophane alone, of the various amino acids tested, developed ar 
color which was specific enough to serve as a qualitative test for tryptopha 
in either the free or combined form. To ascertain whether the presence 
proteins might interfere with the accurate estimation of the polysacehari 
in serum glycoproteins, absorption spectral curves were determined on seve. 


protein fractions after reaction with anthrone. 
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Fig. 1.—Comparison of absorption spectral curves of the products resulting from t 
reaction of galactose, mannose, and an equimolar mixture of galactose and mannose with 
anthrone reagent. 


Commercially available human serum albumin® when allowed to rea 
with anthrone showed a maximum absorption at 520 my (Irig. 2). The 
sence of any appreciable amount of carbohydrate in this preparation of seru 
albumin was demonstrated by the lack of significant absorption at 620 1 
A globulin sample of the same concentration as the albumin, obtained 
Pillemer separation,'’ showed a maximum at 520 my as well as increased ; 
sorption at 620 mp (Fig. 2). The increased absorption at 620 mp appear 


*Obtained from the Cutter Laboratories, Berkeley, Calif 
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» be related to the presence of carbohydrate material among the serum globu- 
is. Since the preponderance of polysaccharide in the serum proteins has 
een observed to be in the alpha globulin fraction, the reaction of anthrone 
ith a earbohydrate-rich component of alpha-l globulin, i.e. the mucopro- 
in,'’'? isolated from a perchloric acid filtrate was investigated. The ab- 
rption spectral curve resulting from the reaction of anthrone with serum 


iueoprotein showed two peaks with absorption maxima at 620 my and at 





20 mu (Fig. 2) 
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2.—Comparison of absorption spectral curves of the products resulting from the reaction 
of albumin, globulin, and mucoprotein with the anthrone reagent. 


The general shape of the curve and the maximum at 620 my agreed closely 
th that of an equimolar mixture of galactose and mannose (Figs. 1 and 2). 
addition, the colored solution which developed with the mucoprotein com- 
ed with the Beer-Lambert law when examined at 620 mu. 

The colored product resulting from the anthrone reaction with an etha- 
i¢ precipitate of sera from normal and different pathologic conditions showed 
isiderable variation in the ratio of absorption at 520 my and at 620 mu 
ig. 3). Absorption at 620 mp correlated with the polysaccharide content 
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(Table 1). No quantitative correlation between either the nitrogen or 
tryptophane content of the sera with the absorption at 520 my could be esta »- | 
lished. The products of the anthrone reaction with both the galactose-manno se 
mixure and the ethanol precipitated proteins of serum complied with te 


Beer-Lambert law at a wave length of 620 mu. 


( 
2.57 
@—® NORMAL 
—© HEPATITIS-CIRRHOSIS 
; f—a CANCER 
2.0 ie @—® NEPHROSIS 


4. MYELOMA 


LOG, Toy 
u 








0.5 
01 J 
420 460 500 540 580 620 660 700 740 
WAVELENGTH, Mi 
Mie. 3 Comparison of bsorption spectral curves of the products resulting fro 
reaction of ethanol precipitates of serum from normal and various pathologic condition 


the anthrone reagent. 


Observations QO) the total seruin proteins obtained Iyy alcoho] precipiti 


l 
tion, after reaction with the anthrone reagent, were made at both 520 mu and 
620 my at specific intervals of time after addition of the reagent. This is 
also repeated with an equimolar mixture of galactose and mannose. The re 


sults shown in Fig. 4+ demonstrate that the absorption at 520 mau and that at 
620 mp reach maxima at the same time, Le. approximately fifteen minutes. 
When equimolar mixtures of galactose and mannose were added to a repr 
sentative protein, casein (100 me. per milliliter of IN NaOll), the intensity 
of the color developed at 620 my with anthrone was proportional to the cor 


centration of added carbohydrate. On the basis of these observations, wli 


TABLE I, COMPARISON OF THE DETERMINATION OF SERUM PROTEIN POLYSACCHARIDE Co? 
BY THE ANTHRONE AND TRYPTOPHANE METHODS 





cv 
NUMBER MEAN LA 
O; RANGI VALUI co 
METHOD PROTEIN FRACTION SERA MG. % MG. % ( 
Anthrone Ethanol precipitate ov 88.3-278 150.4 
of serum () 
Tryptophane Ethanol precipitate 50 85.7-276 148.7 
of serum 
Anthrone Serum mucoprotein 15 8.8-63.2 24.6 () 
Tryptophane Serum mucoprotein 15 8.8-62.8 24.8 


*Normal and pathologic. 
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the optical density of the solution was measured at a wave length of 620 mp 
at the time of maximum color development, the interference by color due to 
the reaction of the anthrone with the total serum proteins was negligible. 
Substances such as glucose, ascorbie acid, lactie acid, and urie acid which 
reaet with anthrone do not constitute interfering factors since these are pres- 
eut in the protein-free filtrate and are eliminated during the precipitation 
and subsequent washing with ethanol. Glucosamine does not react with an- 


throne and therefore does not constitute an interfering faetor. 














- 
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} 
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0 ! zs 
fe) 2 4 6 8 10 12 14 16 18 20 22 24 26 26 
TIME IN MINUTES 
I { Rate of color development in the anthrone reaction with the galactose-mannose standard, 


and with ethanol precipitated protein of serum at 520 mu and 620 maz. 


The polysaccharide values in the total serum proteins obtained from fifty 
iples of serum by this method were found to be in good agreement with 
ise obtained by the tryptophane method of Shetlar and associates.'* In 
lition, the results obtained by the anthrone method also showed a good 
correlation with those obtained by employing the tryptophane method in the 
estimation of the ratio, polysaccharide/biuret protein, of the serum muco- 
tein (Table 1) 
CONCLUSION 
A simple, rapid method for the estimation of the polysaccharide in serum 
tein. fractions, utilizing the anthrone reaction with carbohydrates, is 
scribed. The method obviates the use of a carefully controlled condensa- 
| procedure. The results obtained by the anthrone reaction are in close 
eement with other methods for the estimation of the serum polysaccharide 
tent. 
The authors acknowledge the assistance of Dr. Nathan Mantel of the Biometrics section 


e National Cancer Institute with a statistical analysis of the data submitted. 
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THE TWENTY-FOUR HOURLY ENDOGENOUS CREATININE 
CLEARANCE AS A CLINICAL MEASURE OF THE FUNCTIONAL 
STATE OF THE KIDNEYS? 
\vueusto A, CAMARA, M.D.,** Kexnnero D. ARN, M.D., ANN ReIMER, ML.S., 
wp I. H. Newsurci, M.D. 
ANN ARBOR, Micu. 


YOR vears there has been a continued effort to find a procedure for measuring 


the volume of the glomerular filtrate which possesses two characteristies : 


1) that it is simple enough to be carried out mm the clinic, and (2) that it is 


] 


sufficiently accurate to permit reliable clinical evaluation of the functional state 
the kidneys, 

The first important attempts in this regard were made by Rehberg! who 
studied the excretion of intravenously administered creatinine, employing the 
principle that the urinary content of creatinine for a period of time, divided by 
the concentration of this substance in the plasma, would give the desired in- 
formation. This necessitated the assumption that all of the creatinine reached 
the urine solely by glomerular filtration. Subsequently, Shannon,’ Miller and 
Winkler,’ and Jolliffe and Chasis* showed that exogenous creatinine, even at low 
plasma levels, is eliminated in part by tubular secretion. Accordingly, the 


exovenous ereatinine clearance elves falsely hieh values for the volume of the 


vlomerular filtrate. In 1985 Smith and Shannon’ published substantial evidence 


+ 


iT inulin, administered intravenously. IS neither secreted nor reabsorbed by 
e tubules and hence its use @ives a true value for the volume of the elomerulat 
iltrate. While this inulin method has been. and continues to be, of fundamental 


mportance in experimental work, it does not lend itself easily to clinical use 

cause of major technical difficulties—the HeEcessit for continuous Intravenous 

dministration, requiring sharp limitation of the physieal activity of the patient 
nd beeause of restriction of observations to short periods of time. 

These disadvantages have led to a search for a simpler and clinically more 

ul test. Presumably this goal could be reached by means of a substance 

ch is produeed as an end product of metabolism and which is neither reab- 

bed nor seereted by the renal tubules. Miller and Winkler,’ Steinitz and 

Vurkand,® and Brod and Sirota, all, by performing simultaneous inulin and 


ovenous ereatinine clearances, have shown that the volume of the glomerular 


ate as measured by endogenous creatinine clearance is the same as that deter- 
ed by inulin clearance, and by inference, endogenous creatinine is neither 
sorbed nor secreted by the tubules in the case of normal human beings. 

Ilowever, before the use of the endogenous creatinine clearance is recom- 
ded as a clinieal test, the different sources of error require careful examina 
From the Department of Internal Medicine, the Medical School University of Michigan 


Received for publication, Jan. 13, 1951. 


Aided by grants from the United States Public Health Service and the Guggenheim 
rial Foundation. 


**Fellow of the John Simon Guggenheim Memorial Foundation. 


743 











744 CAMARA, ARN, REIMER, AND NEWBURGH 


tion. These are (1) technique for the determination of creatinine, (2) 1 
creatinine content of food, since such creatinine is exogenous, and (38) the qui 


tion of tubular secretion of endogenous creatinine in patients with renal disea 


F. Technique. 

It is agreed by all workers that the alkaline picrate method measures t1 
creatinine in the urine. However, this does not hold for the serum or plasma. 

Miller and Dubos* showed, by a specific enzymatic method, that the ti 
creatinine content of plasma or serum is less than the amounts determined by 1 
old Folin method. Subsequently, Miller and Winkler,’ using this same speci 
method, obtained good agreement between the endogenous creatinine and inu 
clearances in normal subjects. Bonsnes and Taussky’s modification’ of the Fo 


method, while more suitable for use in the modern colorimeters, continues 


give values which are higher than those obtained with the specific enzymatic 


method. In our series, twenty-two determinations on the serum of eleven norm 
young men, using the Bonsnes and Taussky method, gave an average of 1.11 m 
per cent (range 0.95 to 1.29, see Table Vv). The average value obtained by Mil 


and Dubos, using their specific enzymatic method, was 0.99 me. per cent, with ; 


range ot 0.62 to 1.24 mg. per cent. Since Miller and Dubos do not state at what 


time of the day the samples of blood were drawn, it is conceivable that the plasm: 


creatinine values reported by them are higher in some instances than fasting 


values, since, as will be shown later, nonfasting plasma concentrations are i 


creased by ingestion of the usual amounts of meat. This might also account for 


the wide spread of their serum ereatinine values. For the normal women, we 


obtained an average of 0.86 me. per cent (range 0.77 to 0.98 me. per cent) by 
Bonsnes and Taussky method. 


A personal communication trom Ephraim Shorr points out that Miss Hert 


Taussky obtained lower values Is the Bonsnes and Taussky method if a mor 


concentrated filtrate is used. She attributes this to less accurate colorimet 


readings with the greater dilution, However, on two occasions pure ereatini 


solution containing 1 me. per cent gave the following results ino our hands: 


dilutions 1:10 and 1:4 gave values of 1.05 and 0.98, and 1.08 and 0.98 me. px 


} 


iy 


cent respectively (Table 1). But when these two dilutions are applied to the 


TABLE I, CREATININE VALUES DETERMINED BY THE BONSNES AND TAUSSKY METHOD 


DATI 1:10 FILTRATE 1:4 FILTRATE PER CENT 
SAMPLE OR SUBJECT 1950 MG. % MG. %) DIFFERENCI 
Creatinine standard 1] 6/23 1.05 1.03 1.9 
mg. % 
Creatinine standard 1 (fiz 0.98 0.98 () 
mg. % 
A. C. serum 6/9 1.26 0.99 it | 
B. A. serum 6/9 ().88 0.73 >I 
B, A. serum 6/12 0.80 0.66 21 
H. S. serum 6/12 Lo 1.08 22 
Plasma I (blood bank ) 6/30 O83 0.72 15 
Plasma I (blood bank) 7/5 0.85 0.70 2] 
Plasma I (blood bank) 7/6 0.84 0.68 2° 
Plasma I (blood bank) 7/14 0.85 0.71 9() 
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same samples of serum or plasma, we do get much lower values with the lesser 
difution as shown in Table I. Further study indicates that the lower values 
jained from the 1:4 filtrate are caused by adsorption of more creatinine on the 
nser protein precipitate. This is brought to light by eluting the two pre- 
itates with water added in volumes proportional to the amount of precipitate. 
This resulted in the data shown in Table TI-A. It is seen that the eluate from 
the 1:4 preparation has a concentration of creatinine roughly twice that from 
the 1:10 preparation. Further evidence in support of our contention that lower 
ues are obtained with lesser dilutions due to adsorption of more ereatinine on 
denser precipitate is shown in Table II-B. It will be seen that the recovery 
of a known amount of creatinine added to the plasma betore deproteinizing is 
definitely smaller when the serum is diluted 1:4 rather than 1:10. On the other 
hand, when known amounts of creatinine are added to the filtrates, the recovery 
is close to 100 per cent whether the dilution is 1:10 or 1:4. 


E ILA. RECOVERY OF CREATININE FROM PROTEIN PRECIPITATE OF PLASMA BY ELUTION 
Wirit DISTILLED WATE 


I IT 
CREATININE CONTENT Of} CREATININE CONCENTRATION 
PREPARATION ORIGINAL FILTRATI MG. %) OF ELUATE (MG. %) 
\ 1:10 filtrate 0.848 0.038 
1:4 filtrate 0.732 0.070 
I, 1:10 filtrate 0.752 0.050 
1:4 filtrate O.6600 0.052 
IIB. RECOVERY OF C, P. CREATININE ADDED TO DEPROTEINIZING MIXTURE AND TO CLEAR 
FILTRAT! 
PER CENT RECOVERY 
\ Creatinine Added to Deproteinizing Mixture 
1) 1:10 preparation SS 
2) 1:4 preparation 78 
Creatinine Added to Filtrate 
lL) 1:10 filtrate GG 
2) 1:4 filtrate Q5 


Krom these studies it would seem that when serum is deproteinized for the 
ermination of creatinine, a small fraction of the latter becomes unavoidably 
orbed by the protein precipitate. The amount of creatinine lost through 
orption is less when a 1:10 filtrate is used than when a lesser dilution such 

1:4 filtrate is employed. The small amount of creatinine lost in this was 
mpensated for by the presence of small amounts of noncreatinine chromogen 
in the plasma of normal individuals. Henee it is through this fortunate com- 
ation of errors that a close correlation between the inulin and endogenous 
tinine clearances is obtained. 

Il. Efiect of Preformed Creatinine in Meat on Creatinine Clearance. 

As long ago as 1933 Ziekelbein'’ reported that ingestion of large amounts 
ovoked meat was accompanied by a significant increase in his own excretion 
reatinine. Shannon? in 1935 showed that when creatinine is administered, 


Soe of if is eliminated by tubular secretion. 
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Presumably the organism rids itsely of some of the preformed creatini 


present in meat also by tubular secretion, Sinee uncooked muscle contains muc 





creatine and little creatinine, we subjected beet to different methods of cookin 
and determined the increase in the creatinine content. Table TLL gives the dat 
on these studies. It also gives the creatinine content of boiled ham and bak 
lamb and perch. It is seen that the creatinine content of the meat increas 
with higher cooking temperatures. 


TABLE II]. CREATINE AND CREATININE CONTENT OF DIFFERENT MEATS WITH DIFFEREN 
MIETHODS FF PREPARATION 


CREATININE CONTEN CREATINE CONTED 
PER GM. WI! MG. PER GM. WI! 
MEA’ METHOD OF COOKING VEIGH WEIGHT 
Ground round steak Uncooked (42 1.90 
Ground round steak Baked in dry heat 20 0.40 
Ground round steak Baked in moist heat 2.00 
Ground round steak Boiled in water l.o4 
Ham boiled ) 77 
Lamb Baked in moist heat 7 
Pereh Baked in moist heat 7) 
Cooking time, 45 minute 


] 


Next, the serum concentration of creatinine and the creatinine in the urn 
were determined in subjects fed diets containing various amounts of meat as 
compared to values obtained while on a meat-free diet. One of the subjects, 

| 


while on a meat-free diet, was also given chemically pure creatinine in amounts 


equal to those calculated to be present in 450 grams of beef baked in moist heat 





The effect of the intake of various amounts of exogenous creatinine upon. tlie 


serum concentration and the clearances are shown in Table IV. The data show 


that meat in the cliet definitely affects the value of the 24 hourly creatinine cleat 


ance, Subject W. B. on a 40 Gm. protein meat-free diet gave a clearance of 156.5 
liters; when the protein content of the diet, still meat-free, was increased to 120 
(7m., the clearance was 157.0 liters. On a 75 Gm. protein diet with meat, the 
clearance rose to 168 liters, and on a 120 Gm. protein meat diet, the clearance 
was as high as 218 liters. Comparable results were obtained in Subjeet B. R 
Obviously, the pretein content of the diet, as lone as it is not derived from meat 
does not affect the creatinine clearance. On the other hand, meat in the diet, on 
account of its creatinine content, vives falsely high values for the volume 
the glomerular filtrate. 

It is seen that the level of fasting serum creatinine bears no relation to the 
different diets. Llowever, following a meal containing meat, there is a transient 
but significant rise in the concentration of serum creatinine. Serum speeimens 
drawn at noon before ingestion of meat gave essentially the same values fo! 


concentration of creatinine as those obtained in the fastine state. In Subject 


W. B. administration of chemically pure creatinine equal in amounts to 1 
calculated to be present in the high meat diet resulted in elevation of serum 
creatinine concentration to the same extent as that observed after ingestion of 


the meat. On another occasion, repeated hourly administration of smaller doses 





of creatinine resulted in a sustained elevation of the concentration of serum 





ereatinine. 





BLE 
MOUs 
JECT 
W.B 
S 
x 
S 
( 
| > 
Db. i 
() 
e 
& 
i> 
a 
yn 
e 
S 
) 
I 
“4 
{ 
nh on 
Th 
| 
eS 
ih 








hia, 


When the subjects were on the 
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LV. FASTING AND Hourty SERUM CrI 
DIETS, TO ADMINISTRATION OF CREATININI 


CLEARANCES (VALUES OBTAINED ON 


SERUM 


NOON 
FAST PRE- 
DIE ING LUNCH 
10) (ami. protein, meat-free 1.27 
L.1s 
$0) Gain. protein, with 75 Gm. L350 bas 
beef 1.16 
75 Gm. protein, with 75 Gm. 1.20 iM 
beet and 60 Gm. cooked 1.26 
ham 
120 Gm, protein, meat-free 1.12 


120 Gm. protein, with 150 1.14 1.08 


Gm. beet 1.06 


Same diet as above, but with 
ecaronamide administration 
$0 Gm. every } hr. start 
ing on Srd day of diet: 
After 56 hr. of caronamide ; 
After 60 hr. of caronamide | 1.97 
7D Gm, protein, meat-free, 1.05 
with C. P. creatinine—450 | 1.03 

mg. with noon meal and 


same amount with evening 


meal on 4th experimental 
day 
Same diet as above, with 1.03 | 
creatinine administration blz 
60 mg. every hour fron Bie 
8:00 A.M. to 5:00 P.M. on 
{th day 
$0) Crt protein, meat-tree Las l. 
a 
‘oO Gm. protein, with 75 Gn 1.15 | 
beef eb Wy 
120 Gm. protein, with 450 1.15 . 
Gm. beef 1L.0S 
Same diet as above 1.20 
os 
Same diet as above, with 
caronamide t Gm. every 


f hr. starting on 8rd day 
of diet: , 
After 36 lr. of earonamide |) 1.57 
After 60 hr. of ecaronamide = 1.57 


itinine. The creatinine exeretion was 


the same diet without caronamide. 


level comparable with values obtained while o 


a. 


POST-PRANDIAI 


» hieh meat diets (See Table LV 
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CONCENTRATIONS IN RELATION TO 
AND CARONAMIDE, AND THE CORRESPONDING 
AND OTH DAYS OF DIET 


CREATININE (MG. % 


CREATININE 
CLEARANCE 


2 HR. | 3 HR. | 4 HR. L/24 HR. 
156.5 
1.24 1.24 1.28 163.0 


1.40 1.24 1.40 168.0 


157.0 
1.47 ot 1.36 218.0 
2.04 2.04 1.99 159.0 
1 ) o= S) 72 5 
1.4 sy 22 73.0 
1.46 1.47 AT 190.0 
] ” 1190 19 146.5 
147 

(y ] ri ] rf 145.¢ 
145.5 

( 1.32 ] IS]. 
191.1 
85 8: 1.79 142.7 
147.9 


ry 


adminis 


ion of caronamide* caused a further increase in the concentration of serum 


also. but to a lesser extent 


net result of caronamide 


linistration was a drop in the creatinine clearance while on a high meat diet 


1 the meat-free diet. Since 


Joliffe and Chasist have shown that exogenous creatinine in man is partly 


s-reted by the renal tubules even at low plasmal levels of 1.8 and 2.4 me. per 


Caronamide used in this study was generously supplied by Sharp & Dohme, Inc., Phila 
P;: 
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cent while endogenous creatinine is not excreted by this mechanism at simile 
low levels, and since caronamide is known to block the tubular secretion of 
number of substances!’ and has been shown recently not to affect significant 
the glomerular filtration rate,'? these data afford presumptive evidence that son 
of the ingested creatinine (exogenous) is eliminated by tubular seeretion. 

Data obtained when subjects were transferred from a high-meat to a mea 
free diet showed that the effect of the earlier diet on the urinary creatinine hi: 
disappeared after forty-eight hours. Ta addition, after this preparation, 1 
concentration of creatinine in the serum does not vary significantly during 1 
24-hour period. 

Furthermore, after a diet containing only 40 Gm. of protein derived 
part trom meat, the urinary creatinine is usually not significantly greater th 
the amount excreted on a meat-free diet. Accordingly, in order to obtain 
entirely satisfactory value for the volume of the glomerular filtrate, the subject 
must have been restricted to a low protein diet containing not more than 75 Cin 
of meat (raw weight) for at least two days. This is justified by our studies 
which indicate that beef which has been baked in moist heat contains about 
2 me. of creatinine per gram of raw weieht, and that following ingestion, less 
than 50 per cent of this creatinine subsequently appears in the urine. Accord 
ingly since a 40 Gm. protein diet would contain at most 75 grams of meat, t 
amount of exogenous creatinine excreted in the 24-hourly urine would not 
more than 75 milligrams. This amount is approximately only 5 per cent of the 
usual endogenous creatinine exeretion, and this degree of variation in the urinat 


content of creatinine oceurs even on a constant meat-free diet 
III. The Tubular Necretion al Kndode NOUS Creatinine wn Re nal Disease 


Miller and Winkler’ and Brod and Sirota’ have shown that in some examples 
of renal disease the volume of the glomerular filtrate as measured by the clea: 
ance of endogenous creatinine is greater than that determined by the inulit 
clearance. Miller and Winkler obtained a creatinine to inulin clearance ratio 
averaging 1.38 in such patients. Since the specific enzvmatie method emploved 
by them determines only true creatinine and since it is known that the nor 
creatinine chromogen increases in the serum of nephritie persons, they wou 
obtain lower values for serum creatinine in such patients than those determined 
by the alkaline picrate method. Furthermore, since it is believed that some ot 
the endogenous creatinine is secreted by the renal tubules in the advane 
nephritie condition, this combination of cireumstances would account for. thi 
high creatinine clearances obtained by Miller and Winkler when compared wit 
inulin clearance. 

On the other hand, Brod and Sirota,’ using the Bonsnes and Tauss! 


method’ for determining creatinine, studied thirteen patients with renal diseas 


They report an average creatinine to inulin clearance ratio, excluding data o) 
one subject, of 1.04 + 0.109 (range 0.89 to 1.25). How is this eood agreen 
between inulin and creatinine clearance in subjects with renal disease to 
explained?) It has already been pointed out that the Bonsnes and Tauss! 


method determines total chromogen whieh includes a greater proportion of no 
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eatinine chromogen in the serum of advanced nephritie patients than in the 
se of normal subjects. It has also been stated that some endogenous creatinine 
secreted by the renal tubules in such subjects. This gives an increase in the 
lues of ‘‘creatinine’’ in both serum and urine, and evidently to a somewhat 
roportional extent. This fortuitous circumstance results in endogenous c¢rea- 
line Clearances which are only slightly higher than simultaneous inulin clear- 
wes In nephritic patients. As Brod and Sirota state, ‘‘A discrepancy of 10 
per cent or greater generally appears only in subjects with filtrate rates below 
f) «ec, per minute .. 27° (which is equivalent to 5S liters per twenty-four hours, 
mghly a clearance reduced to one-third of normal), and that ‘*. .. in such 
injects, the absolute difference in the clearance values are of sueh small magni 


tude as to leave the endogenous chromogen clearance a clinically useful test.”’ 


IV. Clinical Evaluation of the 2%4-Hourly Endogenous Creatinine Clearance 
lest. ; 


A number of workers have shown that the volume of the glomerular filtrate 
varies throughout the twenty-four hours, because of physical activity,’’ drugs," 
emotional tension,’’ and variations in intra-abdominal'® and venous pressure." 
Accordingly, the most realistic test is one that includes the whole 24-hour evele. 
The inulin procedure is too disturbing to the patient and technically too difficult 


» he emploved routinely for this purpose, 





We have carried out simultaneous 24-hour clearances of urea and endogenous creatinine. 
On some patients, we also performed the hourly urea clearance test on the same day that 
our clearances were done, in order to compare the endogenous creatinine clearance with 

st that is widely accepted as a measure of renal function. 

Since the hourly urea test is subject to serious error because of inaccurate timing, all 
these latter tests were performed while the patients were lying or sitting quietly in oun 
ratory, and they were made to void at exactly the end of the first and second hours. 

Most of the 24-hour urine collections were done under personal supervision of the 
ors in the medical wards and in the Metabolism Unit. A few were trusted to outpatients 
0 were given written instructions, and, judging by the relative constancy of the urinary 


eatinine values, we were satisfied that the collection had been done carefully. Occasionally 


immusually low or high urinary creatinine value suggested faulty collection and such speci 
ns were discarded, 

Young, healthy, adult laboratory workers and medical students served as control sub 
ts, all of whom were placed on a meat-free diet for two days preceding and during the 
| t. They went about their usual activities during the period of collection. Thirty-two 
ourly clearance studies were done on sixteen adults, five women and eleven men. Seventy- 

clearance studies were performed on twenty-two patients with varying degrees of im- 
rment of renal function. All of these patients were on a 40 Gm. protein diet. Nine 

of them had a clinical diagnosis of glomerulonephritis in all its different stages ranging 
m acute to terminal; on four of them in the latter stage (H. R., F. W., D. P., and M. K.), 
lies were done up to just a few days prior to death. In addition, the group includes one 
tient (D. M.) with polycystic kidneys, one BD. L. with an endeterminate diagnosis of 
tassium deficiency of unknown etiology, and C. H., and B. C., both of whom carry a 
‘essential’? hypertension. 


ONOSIS of 


On those days when the standard hourly urea clearance test was performed on patients 





the same day as a 24-hour collection was being obtained, values for urea nitrogen and 
itinine in the hourly samples were added to those of the rest of the urine specimen, thus 


ipleting values for the 24-hour cycle. 
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ABLE V. 


SUBJECT 


tS. ae 
Ht. 5914” 
Wt. 160 lbs. 
S.A. 1.87 
. L., 40 
ae fad 
Wt. 140 Ib. 
S.A. 1.72 
R., 26 
Ht. 
Wt. 
S.A. 


5/914,” 


160 |b. 


1.87 





Ht. 6'0” 
Wt. 180 |b. 
S.A. 2.02 
B., 28 
Ht. ¢ 
Wt. 
S.A. 2.02 
R., 
Ht. 5’8’ 
Wt. 156 Ib. 


S.A. 1.83 


,1 
178 lb 


90 


» W., 23 


Ht. 57103; 
Wt. 148.5 lb. 
S.A. 
E., 32 

Ht. D/1014 
Wt. 165 Ib 
S.A. 1.92 
J., 26 

Ht. 5'914’ 
Wt. (ideal 
S.A. (ideal 


verages 


M., 24 
Ht. 5’61%” 
Wt. 128 lb. 
S.A. 1.64 
. G., 24 
Ht. 5'214” 
Wt. 116 lb. 
S. A. 1.52 
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CREATININE OF FUNCTION OF KIDNEYS 





CLEARANCE AS MEASURE 





TABLE V—CONT ’D 


CREATININE CLEARANCE 


SERUM CORRECTED TO 
CREATININI ACTUAL 1.73 SQ.M. PER CENT OF 
SUBJECT (MG. %) (L./24 HR. ) (L./24 HR. ) AVERAGE 
B. B., 24 0.98 106.9 115.4 83 
Bt. 36" 
Wt. 125 Ib. 
S. A. 1.63 0.94 113.1] 120.0 88 
B. H; 20 0.84 125.2 139.7 102 
Ht. 5'4 
Wt. 118 lb 
S.A. 1.55 0.84 116.1 129.6 95 
Y¥. Di, Ze 0.84 144.4 158.1 115 
Ht. oa" 
Wt. 120 Ib 
S.A, 1.58 0.90 ES | 145.7 106 
Averages 0.86 125.4 137.0 


(range 113-158 ) | 


These clearances were obtained on the third and fourth days of meat-free feeding. 


\ll urine specimens were preserved with toluene and were analyzed at the conclusion 


each period. 


The method of Gentzkow18 was used to determine urea nitrogen in the blood. Urinary 
nitrogen was analyzed using Barker’s method.19 The determination of serum and 
] 


ary creatinine 1s discusse 


1 in section J. 





The 24-hour clearances were calculated by simply dividing the 24-hour urinary excretion, 
pressed in milligrams, by the concentration in the blood (for urea) or serum (for creatinine), 
yressed in milligrams per 


1 


‘he actual 24-hour values for endogenous creatinine clearances were converted to per 


of normal as follows (normal having been determined as 137 liters per 1.73 sq.M. body 
e per 24 ours 
RY gs: ; , 
on eee f Actual clearanes Correeted clearance 
etua ody surface 
(‘or ete slegrs ee 
rrected clearance LOO Per cent of norma 


Table V presents the clearance data from the control subjects on a meat- 
ee diet. First consideration will be given to the creatinine clearances. 

Thirty-two clearances on sixteen normal subjects gave an over-all average 
137 liters per twenty-four hours, the range being 113 to 158 liters per 1.73 
M. of hody surface. 

There are seventy-four determinations of endogenous creatinine clearance 
twenty-two patients (Table VI). They include two patients, R. C. and R. G., 
10 were observed first in the acute stage with gross hematuria. At the other 
treme are five terminal eases, '. W., D. M., D. P., M. K., and D. B. 


Table VI also presents the data on simultaneous 24-hourly urea clearances, 





d hourly urea clearances from ten of the subjects with renal disease. 
In order to reduce the creatinine clearance values to figures comparable with 
established renal funetion test such as the hourly urea clearance, they have 


en converted to per cent of normal for the individual’s actual body surface 
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CREATININE CLEARANCE AS MEASURE OF FUNCTION OF KIDNEYS 


a. For C. H., who was grossly obese, the ideal weight and body surface for 
height were used. Table VI shows that when meticulous care is taken to 


ain precise timing and when the analvses are carried out accurately, the 24- 
urly creatinine and urea clearances, and also the hourly urea clearance, all 


pressed as per cent of normal, usually give comparable values. 


However, the hourly urea clearance tests did not always prove satisfactory 
the sense that good checks were not obtained between the two hourly values 
n with all the collections supervised closely and all the chemical determina- 
ns done by us. In one study on patient R. C. the first period gave 79.3 per 


nt. whereas the second period was D8.6 per cent; these figures would have left 


in doubt regarding the status of renal function at that time had it not been 


a simultaneous 24-hour creatinine clearance (64 per cent of normal) showing 


efinite impairment of renal function. 


The clinieal data on these patients are given in Table VIL. 
DISCUSSION 


Sirota, Baldwin, and Villarreal.’ by a special device, injeeted inulin 


travenously over 24-hour periods into subjects without kidney disease. They 
ompared the endogenous creatinine clearance with the inulin clearance and 


fained an average ereatinine to inulin ratio of 0.95 + 0.10. The average volume 


the glomerular filtrate by the creatinine clearance was 106.2 ml. per minute, 
153 liters pet twents four hours, corrected to body surface of 1.738 sq. M. 


i 


‘hese authors used the original Bonsnes and Taussky method for determining 


‘eatinine in the urine and plasma, which employs a 1:10 dilution of the serum 


| 
plasma. 


Somewhat earher, Brod ana Sirota made COMparisons between the inulin 


d endogenous creatinine clearances on normal subjects for periods of only 


to twenty minutes. They also emploved the Bonsnes and Taussky procedure, 
used 1:4 filtrates of the plasma. The average ratio of creatinine to inulin 
arance in their series was 1.00 + 0.018 (range O.S88 to 1.10). The volume of 
elomerular filtrate determined by the creatinine clearance was 120.8 ml 


minute, or 174 liters per twenty-four hours, corrected to body surface of 


Sosq.M. Since thev used 1:4 filtrates of the piasma, their creatinine values 


he assumed to be smaller than those obtained by Sirota and co-workers?° 
o used the 1:10 dilution, and this would account for the larger filtrate volumes 
orted by Brod and Sirota. Furthermore, the filtrate volumes measured over 
mtinuous 24-hour period are more reliable than those caleulated for an inter- 
of a few minutes. In this laboratory, thirty-two endogenous creatinine 
irances on sixteen normal subjeets, using the Bonsnes and Taussky method 
h 1:10 dilutions of the serum, gave an average value of 137 liters per twenty 
r hours, corrected to body surtace of 1.78 sq.M. Sinee the subjects used by 
ota and co-workers?’ were recumbent and receivine continuous infusion of 
lin solution throughout the twenty-four hours, their serum creatinine values 
rht have been slightly lower than if the subjeets had been leading their usually 
ive lives as were our subjeets, and this may account for the higher values 


the volume of the glomerular filtrate reported by Sirota and ¢o workers. 
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CREATININE CLEARANCE AS MEASURE OF FUNCTION OF KIDNEYS 761 


Since creatinine determinations were done by the method of Bonsnes and 
iussky, we anticipated that the creatinine clearance would give a value which 
as different by about +10 per cent from the volume of the glomerular filtrate 

as determined by inulin clearance in patients whose filtration volume had been 
duced to less than one-third of the normal value. It will be readily realized 
iat such a discrepancy at this stage of renal damage, amounting to 5 liters more 
‘less per twenty-four hours, is of no consequence insofar as the clinical evalu- 
ion of the patient is concerned, 

It will be noted that in calculating the 24-hourly endogenous clearance of 
eatinine, only one serum creatinine value for a particular 24-hour period was 
sed. Our data show that such a practice is justified, since the serum creatinine 

oncentration varies little throughout the day when patients are receiving the 
mall amounts of meat thet are inciuded in the 40 Gm. protein diet. Accord- 
ely, the samples of blood were obtained during any convenient time of the day. 
Twenty-four-hourly urea clearances were similarly calculated on the basis 
a single determination of blood urea nitrogen from a portion of the sample 
blood used for serum creatinine. It is well known that the concentration of 
UN. is affected by any type of protein food, but our studies showed that on a 
1) (im. protein diet, the variation in B.U.N. throughout the day was trivial. 
Kor example, for patient B. R., on such a diet, the fasting value was 13.5 mg. 
er cent, and the hourly postprandial values were 13.3, 138.5, 13.2, and 13.1 mg. 
Ce Cent. 

Hourly urea clearance as usually performed are often unsatisfactory. Chief 
Mone the difficulties is inaccurate timing ot the hourly UEEIC eollections, some- 
Imes coupled with incomplete emptying of the bladder. Consider an error of 

e minutes in one hourly collection. This would constitute a diserepancy of 
S.3 per cent. Suppose in addition to such an error in timing, there were 5 ml. 
irvine left in the bladder, and that the total volume for the hourly specimen 
as 120 milliliters. This retention of urine would in itself introduce an error 
$2 per cent, and the two discrepancies would give an error of 12.5 per cent. 
Peters and Van Slyvke,?! in their discussion of urea clearance, state, ‘‘ It requires, 

wever, most meticulous attention to technical details. The rate of urine ex 

tion must be precisely determined. The clearance test is therefore inapplhic 
le to the subjeet who cannot empty his bladder completely, unless recourse is 
d to eatheterization. ’ eee This IS not uneommMmon in elderly persons, especially 
women, In addition, changes in the rate of urine formation during the test 
e sometimes ereat enough to give unsatisfactory data. Furthermore, it has 
en shown by Van Slyke, Alving, and Rose** that posture and physical activity 
ect significantly the urea clearance vaules in patients with less than 50 per 

it of normal clearance. 
Qn the other hand, five minutes’ difference in a 24-hour collection means 


ly 0.35 per cent error and an incomplete voiding with a residual urine of 


nl. constitutes an error of 0.33 per cent for a usual 24-hour urine of 1,500 
lliliters. Accordingly, these two latter discrepancies in the case of the 24- 
ir specimen cause an error of less than 1 per cent. Furthermore, clearances 


itinuine over a 24-hour period are long enough to inelude variations attribu 
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table to such factors as physical activity,’® drugs,’? emotional tension,'’ at 
variations in intra-abdominal'’® and venous pressure. Finally, the 24-hour 
collection does not interfere with the usual activity of the subjects. 

The serum creatinine concentrations in all of the normal subjects we 
less than 1.3 me. per cent. However, four of the patients gave serum creatinin 
values equally low. In these circumstances, the serum levels of creatinine at 
not informative regarding the question whether such patients have kidney di 
ease. The filtrate volumes in these patients, corrected for body surface an 
expressed as per cent of normal, were 49, 63, 81 and 89 per cent (correct 
normal range, 83 to 115 per cent). Accordingly, the measurement of the volun 
of the 24-hourly glomerular filtrate even in patients with normal values fo 


serum ereatinine was otten an Importa 


i1 aborat yy aid in establishing U} 
diagnosis. In the patients whose coneentrations of serum creatinine rane 


from 1.3 to 2.3 mg. per cent, the volume of corrected glomerular filtrate express 


as per cent ot norma | varied from 4? 10 Sth: wit! average OL 61. seru 
creatinine levels of more than 2.3 me. per cent were Invariably accompanied | 
filtrate volumes of less than 40 per cent of norma When the concentration ¢ 
serum ereatinine rose to or above 5 meg per Cent the corrected volume 


glomerular filtrate was invariably less than 20 per cent 


SUMMARY AND CON [SLO 

Some of the ingested chemically pure creatinine is eliminated by tubul 
secretion. Most of the creatine present in muscle meat is converted to creatinn 
by cooking, and this then conduets itself as pure exogenous creatinine. Howev 
low protein diets eontainineg less than 7) Gam. of meat Vit ld too little ereatinin 
to affect the 24-hourly creatinine Glearanc t takes fortv-eight hours to elin 
nate the effeet of high meat intakes 

The acCUuLracy of the hou V urea Clearance test Is so greats affeeted 
improper timing and by incomplete emptying of the bladder that the valu 
obtained in clinical practice are often unsatisfactory Inulin clearances, whi 
accurate, are too difficult for routine elinieal use, and at best give informatio} 
about the volume ot the olomerulat | rate tor ve ry short mtervals ot time du 
ing unphysiologic conditions 

When subjects are maintained on a 40 (1 mrotein diet, and when the ty 
collections for the hourly urea clearance test are accuratels timed, the latter an 


the 24-hourly urea and creatinine clearances, all expressed as per cent of norm: 
vive satisfactorily comparable results. The most reliable of these tests is t!] 
24-hourly creatinine clearance heeause it is less affected yy Inaccurate timi 
than the hourly urea clearance, and because it is technically easier to accomplis 

The normal range of serum creatinine in our series for men was 0.95 


1.29 mg. per cent, and for women was 0.77 to O.98 The average 24-hour! 
ereatinine clearance for both men and women was 137 liters, rangine from 11 
to 158 liters per twenty-four hours per 1.73 sq.M The seventv-four clearane 
on twenty-two patients (corrected to body surface of 1.73 sq.M.) ranged fro 


122 to 0.87 liter per twenty-four hours, 
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EFFECT OF CORTISONE ON EXPERIMENTAL PRODUCTION OF 
ARTERITIS BY PASSIVE SENSITIZATION 
SHELDON G. CoHEN, M.D., AND CAMPBELL Mosgs, M.D. 
PITTSBURGH, Pa. 


INTRODUCTION 


ITE relationship of the adrenal cortex to immune mechanisms has been 

extensively studied with conflicting and inconclusive results. The report 
of Fox and Whitehead! and the studies of Dougherty, Chase, and White? in- 
dicate that the adrenal cortex is responsible for a rise in antibody titer, where- 
as other workers report that the titer of circulating antibody is uninfluenced by 
the administration of adrenal cortical extract? and that antibody production 
is actually increased in adrenalectomized animals.” * Hammond and Novak 
confirmed the findings of Dougherty, Chase, and White but were unable to 
obtain this anamnestic response when adrenal cortical extract was administered 
to rabbits to whom circulating lymphocytes previously had been transferred 
from immunized donor animals. It has also been reported that the presence of 
the intact adrenal gland or the administration of adrenal cortical hormone 
increases the resistance of animals against anaphylactie shock.?™ 

In the study of this interrelationship with adrenal cortical steroids (com- 
pound E, cortisone) and pituitary adrenocorticotropic hormone (ACTH) vary- 
ing results have been reported. These hormones have been shown to be re- 
sponsible for: (1) a rise in antibody titer by means of an anamnestie response*® 
or antibody liberation; (2) either no change’? or a slight diminution’ in 
serum antibody; or (3) a decrease in antibody globulin following their use. *° 
These hormones have exerted no influence on the susceptibility of an animal to 
the production of anaphylactic shock’ 1*"" but have been responsible for 
abolishing tuberculin skin hypersensitivity’® '’ and shock’ in the guinea pig. 
Cortisone exerts no effect on in vitro histamine liberation, the presence of hista- 
mine, and the activity of complement in the course of antigen-antibody re- 
action.*° 

Studies on the effect of ACTH and cortisone on tissue lesions of hyper- 
sensitivity experimentally produced in animals have been reported. Both the 
production of the Arthus phenomenon in the skin of sensitized rabbits!® 1° 1% 7° 
and nephritis induced by the administration of nephrotoxie serum”! appear to 
be unaffected by the action of these hormones. However, they are reported to 
exert an inhibitory effect on the cardiovascular lesions’? and a preventive effect 
upon the development of arteritis*® in experimental serum disease in rabbits 


actively sensitized to foreign sera. 
Recently a new procedure has been reported for the experimental produc- 
tion of arteritis by passive sensitization in which it has been shown that the 
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in vivo antigen-antibody union is the major factor involved in the production 
of these hypersensitive vascular lesions.?* This report deals with a study of 
the effect of the administration of cortisone on the production of the lesions of 
allergic arteritis by passive sensitization. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The details of the procedure for the production of vascular lesions by pas- 
sive sensitization in the rabbit with a description of the lesions produced, are 
discussed in detail elsewhere.** Briefly this consists of the administration of 
5 ml. of high titer rabbit antihorse serum into the marginal ear vein of a rabbit. 
After a one-half hour incubation period allowing for circulation, distribution, 
ete., of the antibodies, the animal is challenged with the intravenous administra- 
tion of horse serum 1:100 in successive doses of 1 ml., 2 ml., 3 ml., 4 ml., and 5 
ml. given at fifteen-minute intervals. Twenty-four hours later the animals are 
sacrificed by air embolism and sections of interal organs are taken for study. 

Fourteen New Zealand strain, male, albino rabbits ranging in weight from 
1,500 to 2,000 grams were sensitized with rabbit antihorse serum with an anti- 
body precipitin titer of 1:1,280, determined by titrations of antiserum dilutions 

against horse serum 1:5,000. The animals were then challenged with horse 
serum 1:100 as already indicated. Seven of the animals received cortisone 
acetate (Merck) 5 mg. per kilogram body weight intramuscularly every twelve 
hours for three doses prior to sensitization. Immediately following the third 
dose the animals were sensitized, challenged, and subsequently received a 
fourth dose of cortisone, 5 mg. per kilogram body weight eight hours later. 
All fourteen animals were sacrificed by air embolism twenty-four hours after 
sensitization. Sections were taken from the lungs, heart, liver, spleen, pan- 
creas, adrenals, kidneys, and lymph nodes. Hematoxylin and eosin stained see- 
tions of these tissues were studied microscopically. One additional rabbit 
received cortisone alone according to the same schedule and dosage and was 
studied in a similar manner. 

In the seven rabbits passively sensitized and challenged with horse serum 
the typical lesions of a periarteritis and panarteritis of the lung were found. 
The small pulmonary arteries and the pulmonary arterioles showed marked 
perivascular and adventitial infiltration of eosinophiles and to a lesser extent 
of lymphoeytes and polymorphonuclear leucocytes. Eosinophiles were also 
found infiltrating the intima and media of the arteries and in several instances 
collections of eosinophiles were found within the lumina of these vessels (Fig. 
1, A and B). In several sections varying degrees of hyperplasia of the endo- 
helial cells of the intima, cloudy swelling of the muscle fibers with hydropic 
legeneration of the media, and some adventitial edema were found (Fig. 1, C). 
Seattered interstitial infiltration and foeal accumulation of eosinophiles were 
‘een within the alveolar walls. 

In the seven rabbits that had been treated with cortisone prior to and follow- 
ig sensitization, pulmonary arterial lesions were much less evident and less 
evere in nature. Only a few of the pulmonary arterioles were affected. When 

sions were observed they consisted of a light perivascular infiltration of lympho- 
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cytes and polymorphonuclear leucocytes. For the most part eosinophiles were 
absent in these periarterial cellular infiltrates in contrast to the lesions seen in the 
lungs of the sensitized animals that had not received cortisone. There was no 
evidence of eosinophilic infiltration or other pathologie changes in the media or 
intima of these involved vessels (Fig. 2, A and B). The pulmonary arteries were 
spared pathologie changes (Fig. 2, C). 

In all of the sensitized animals, both untreated and treated with cortisone, 
the heart, liver, spleen, kidneys, pancreas, and adrenals were microscopically 
normal. 

Microscopie study of the sections of lung, heart, liver, spleen, kidneys, 
panereas, and adrenal of the nonsensitized rabbit who had received cortisone 
alone revealed no significant abnormality. 


DISCUSSION 


The exact relationship of the adrenal cortex to the immune response is 
not clear on the basis of reported animal experiments and clinical studies of 
allergic diseases. However, it does seem that adrenal cortical steroids exert 
a definite effect on immune mechanisms. According to Fischel’® it appears that 
cortisone and ACTH do not alter the union of antigen and antibody. Among 
suggestions advanced to explain their effect on immune processes are the fol- 
lowing: (1) an inhibition or diminution of antibody production,’® (2) a de- 
gradation of antibody protein,'’ (3) production of lymphopenia and involution 
of lymphoid tissue* ** a suspected site of antibody production and transport, 
or (4) perhaps a suppression or decrease in the reactivity of mesenchymal 
tissue.*® 

It was felt that the level at which this effect was exerted might be studied 
profitably by noting the effects of cortisone in the procedure of passive sen- 
sitization. Heretofore the effects of cortisone and ACTH have been studied 
on the experimentally produced vascular lesions in actively sensitized animals 
employing large doses of foreign serum. <A suppressive effect on these lesions 
was noted,'® *° but in this type of experiment two factors in the immune mecha- 
nism come into play: (1) antibody production and (2) antigen-antibody union. 
Thus the effect of the hormone on each individual process cannot be distin- 
guished. However, by using the procedure of passive sensitization, as here 
employed, the important mechanism is that of an in vivo antigen-antibody 
union, and any effect that cortisone might exert on lesions thus produced ean 
be attributed to its action at this point in the immune process. 


SUMMARY 


Fourteen albino rabbits of the same strain and approximate age and 
weight were passively sensitized to and challenged with horse serum according 
to a procedure favoring the production of acute lesions of periarteritis and 
panarteritis of the pulmonary arteries and arterioles. 

Cortisone was administered to seven of the animals for twenty-four hour 
periods prior to and following sensitization. 
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All of the sensitized animals that had not received cortisone developed the 
typical lesions of panarteritis and periarterial infiltration of eosinophiles and 
to a lesser extent of lymphocytes and polymorphonuclear leucocytes, and 
eosinophilic infiltration into the media and intima of the small pulmonary 
arteries and pulmonary arterioles. 

Those sensitized animals that had also received cortisone exhibited less 
extensive and modified type of lesions consisting of a light periarterial infiltra- 
tion of lymphocytes and polymorphonuclear leucocytes of the pulmonary 
arterioles. Eosinophiles were only rarely seen in the lesions of this group of 
animals. 

The results indicate that when cortisone was administered prior to and fol- 
lowing passive sensitization to horse serum the lesions of experimentally pro- 
duced arteritis in rabbits appear to be modified though not completely sup- 
pressed. The lesions of panarteritis of the pulmonary arteries were not found 
and those of a periarteritis appeared to be attenuated. The reason for this is 
not clear although it is thought that perhaps cortisone exerts an effeet upon 
the in vivo union of antigen-antibody or may influence the tissue response 
evoked by antigen-antibody reaction. 


The authors wish to thank Dr. William Zeiler for his assistance in the study of the histo 
logie material, 
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THE ACTH-LIKE EFFECT FEVER IN MAN 
WALTER M. KIRKENDALL, M.D., Ropert E. HopGces, M.D., AND 


L. EK. JANuARY, M.D. 
Iowa Crry, lowa 


NVESTIGATIONS of the effects on malignant hypertension of an endogenous 

component of Proteus vulgaris,* hereatter referred to as Py Pyromen, dis- 
closed a marked drop in circulating eosinophils which occurred regularly 
four to eight hours after the intravenous injection. This phenomenon has been 
reported several times in patients after intravenous administration of typhoid 
* > and its productst and recently by Randolph and Rollins® in a 
group of allergic patients treated with Pv Pyromen. Since eosinopenia occurs 
in man after the administration of adrenocorticotropic hormone (ACTH),? 
these observations suggested that fever-producing agents might stimulate 
production of endogenous ACTH. Selye'® has suggested that fever therapy 
mobilizes the endocrine defense mechanisms during the general adaptation 
syndrome. Windle and associates’! have reported changes in the adrenal 
glands of animals following Pv Pyromen administration which simulate those 
produced by ACTH. In an effort to determine if the eosinopenia observed 
after induced fever was due to the liberation of ACTH, the following observa- 
tions were made. 


vaccine! 2 


MATERIALS AND METHODS 


The subjects selected were twenty-seven afebrile patients with the diseases shown in 
Table I. The patients with hypertension were assumed to have normally functioning 
pituitary and adrenal glands, and in the remainder the response to the ‘‘epinephrine tests’’12 
indicated adequacy of the pituitary-adrenocortical axis. Fever was induced in six subjects by 
intravenous typhoid vaccine, in six by a warm, moist air fever cabinet, and in fifteen by the 
intravenous administration of Pv Pyromen. Two of the patients given typhoid vaccine had 
previously had typhoid immunization. Urie acid and creatinine determinations were made 
nm urine collected at two-hour intervals during the day and on a fourteen-hour overnight 
specimen. Control blood counts and uric acid:creatinine ratios were determined on fourteen 
f the twenty-seven subjects utilizing identical methods for a twenty-four hour control period 
rior to induction of fever. In five patients, after observations for four to seven control 
lays, corticosteroid excretion in the urine after fever induced by Pv Pyromen was measured 

‘ the method of Ashby.13 Aspirin was given to two patients before and after injection of 

Pyromen. Dibenamine and Chlor-Trimeton,t an antihistamine compound, were used 

milarly in two patients. The same observations on the leucocyte count and excretion of uric 
id and creatinine were made. 

Circulating leucocytes were counted by the method of Randolph.14 Urinary uric acid 

d creatinine were measured by modification of Folin’s15, 16 methods. Body temperature was 





From the Department of Internal Medicine, College of Medicine, State University of Iowa. 
Supported by a grant from the Baxter Laboratories, Inc., Morton Grove, IIl. 


Presented in part before the Twenty-third Annual Meeting of the Central Society for 
inical Research, Chicago, Nov. 3, 1950. 


Received for publication, Jan. 17, 1951. 
*Pyromen, Baxter Laboratories, Inc. 
*Chlor-Trimeton. 1-parachlorophenyl-1-(2-pyridyl)-3-dimethyl-aminopropane maleate. 


771 














KIRKENDALL, HODGES, AND JANUARY 





TABLE I. CLASSIFICATION OF PATIENTS AND TYPE OF FEVER 


TYPHOID FEVER PV 

VACCINE CABINET PYROMEN CONTROLS 
No disease 1 i 
Arteriosclerosis obliterans 1 ] 
Convalescent poliomyelitis 2 - 
Psoriasis 1 1 
Diabetes mellitus 1 1 


CNS syphilis 6 5 


' 
= 


Rheumatoid arthritis 5) 2 
Chronic glomerulonephritis 2 
Hypertension 4 3 
Myxedema (controlled) | 
Hyperthyroidism (controlled) 1 

6 6 15 14 


recorded rectally at two-hour intervals during febrile periods. In this study dosages of 25 
to 100 gamma of Pv Pyromen and 15 to 100 million typhoid organisms were used. None of 
the subjects had had intravenous fever therapy previously. 

RESULTS 

Fever produced by these three methods caused a marked and significant 
drop in eosinophils as shown in Fig. 1. With Pv Pyromen, the maximal fall 
in circulating eosinophils occurred at four hours, the time of the highest fever. 
They remained at a significantly low level for the remaining four hours of the 
observation period. Eosinophil counts after eight hours were not done on the 
entire group but observations on six patients in this group and on six others 
treated similarly disclosed a rise up to or above pretreatment levels fourteen 
to twenty-four hours after therapy was started. With typhoid vaccine, how- 
ever, the maximal drop in eosinophils occurred in twenty-four hours, ten hours 
after the highest temperature. The count had not risen to pretreatment levels 
at the end of the observation period. The maximal eosinopenia in the fever 
‘abinet group occurred at eight hours, four hours after the highest tempera- 
ture. Thus the fall in eosinophils was roughly of the same degree in all three 
groups; the only difference was in the rapidity of the fall. On the other hand, 
eosinophil counts on the control group had risen 60 per cent above initial 
values by the end of fourteen hours. 

The response of the total white blood count to the three types of fever 
is shown in Fig. 2. A marked rise occurred in each instance, the least marked 
in the typhoid vaccine group. The maximal rise in the fever cabinet and Pv 
Pyromen groups occurred four hours after the peak of fever, while in the 
typhoid vaccine group the maximal rise preceded the highest temperature by 
ten hours. The white blood count had returned to normal levels fourteen hours 
after fever induced by the fever cabinet. In six individuals in the Pv Pyrome 
group and in six others treated similarly it was observed that the leucocyte 
count was normal at twenty-four hours. In the typhoid vaccine group, th: 
white blood count fell below control levels at the peak of the febrite respons 
at fourteen hours and remained low until the end of the period of observatio: 
The leucocyte response of the two patients previously immunized to typhoi 
vaccine was essentially the same as in those not immunized. 
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There was a sharp and rapid rise in the proportion of polymorphonuclear 
cells in the Py Pyromen group as seen in Fig. 3. The greatest rise occurred 
two hours after the peak of fever. The polymorphonuclear :mononuclear ratio 
was returning toward normal at the end of the period of observation, two 
hours later. Likewise, there was an increase in the polymorphonuclear cells in 
every patient in the typhoid vaccine and fever cabinet groups although in 
neither was the average increase as great as with Py Pyromen. The relative 
increase in polymorphonuclear leucocytes persisted in the typhoid group for 
twenty-six hours following treatment. Obsecured by the polymorphonuelear: 
mononuclear ratio in Fig. 3 is the fact that the smallest absolute drop in 
mononuclear cells occurred in the fever cabinet group. 


CIRCULATING EOSINOPHILES 
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Fig. 1.—Kosinophile response to fever produced by Pv Pyromen, typhoid vaccine, and 
ver cabinet. In this and in Figs. 2, 3, and 4 the deviation from the control or pretreatment 
vel expressed as 100 per cent is shown on the ordinate. Averages of each group of subjects 
re used. Temperature response and hours after induction of fever are represented on the 
bscissa. 


Average values for the uric acid :creatinine ratio are given in Fig. 4. In 
ne control group the ratio decreased as the day wore on. There was no such 
rend in the Pv Pyromen group. While there was a trend toward a rise of 
'e ratio in the typhoid vaccine and fever cabinet groups it was statistically 
isignifieant. 

Fig. 5 shows the values for corticosteroid excretion in the urine before and 
iter Py Pyromen induced fever. There was no rise. 
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leucocyte changes took 


cyte changes. 


KIRKENDALL, 


In two patients the expected rise in temperature was prevented by aspirin 
administered prior to and after a large dose of Pv Pyromen. 


were given Chlor-Trimeton and two others Dibenamine before, during, and 
after fever produced by Py Pyromen without influencing the expected leuco- 
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The same blood 


place in the absence of fever. In addition, two patients 
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-~Response of total leucocyte count after fever induced by Pv Pyromen, typhoid vaccine, 


Forsham, Thorn, Prunty, and Hills* demonstrated that a single injection 


at the same time which averaged 78 per cent in fifty persons. 


and fever cabinet. 


DISCUSSION 


a moderate polymorphonuclear leucocytosis, marked 





consistent fall in lymphocytes four hours after admin- 


There was also a marked increase in the uric acid:creatinine rati: 


Sayers and 


associates'’ have demonstrated a rise in corticosteroid excretion (C,O earboxy 
group) within the forty-eight hours following intravenous administration 0 
a single large dose of ACTH. 

Our results indicate that the blood leucocyte changes following fev« 
induced by three methods simulate those following administration of ACTH 
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Three differences stand out. First, the degree of leucocytosis, the rise of poly- 
morphonuclear leucocytes, and the fall of mononuclear cells are greater after 
induced fever than has been reported in persons receiving ACTH. Second, 
the eosinopenia, especially in the case of the typhoid vaccine group, comes 
on later than that following ACTH. Third, the leucopenia which lasts for 
forty-eight hours following typhoid vaccine is distinctive and is not seen after 
Py Pyromen, fever cabinet, or ACTH. It should be noted that the leucocyte 
response following pyrexia produced by fever cabinet most nearly simulates 
the changes seen after ACTH. 


POLYMORPHONUCLEAR-MONONUCLEAR RATIO 
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ig. 3.—The polymorphonuclear :mononuclear ratio after fever induced by Pv Pyromen, typhoid 
vaccine, and fever cabinet. 


The differences in the leucocyte response between these fever-producing 
gents and ACTH deserve comment. The immmunizing property of typhoid 
iceine'® and its purified pyrogenic products’? has long been known. This 
‘operty, which may or may not operate through the anterior pituitary, plus 
toxie one which probably is not mediated through the anterior pituitary”’ 
ight account for the initial absolute drop in mononuclear cells and the pro- 
nged leucopenia. Lewis and Page*’ have shown that in adrenalectomized 
ts marked lymphopenia may occur following administration of lethal doses 
typhoid vaecine in the absence of hormones from the adrenal cortex. 
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Altschule, Parkhurst, and Promisel* demonstrated that the leucopenia which 
regularly follows the initial dose of typhoid vaccine does not occur after later 
doses. They believe that this change is a manifestation of immunity of the 
organism to this substance and the leucopenia is the result of widespread 
lymph cell destructionn which follows the initial dose of typhoid vaccine in 
animals. The neutrophilia which develops following typhoid vaccine appar- 
ently is largely dependent on the presence of adrenal steroids’? and may 
simply be due to activation of the pituitary-adrenal cortical axis by this stress. 
Since it is higher than that seen after ACTH, the possibility of another mech- 


anism must be considered. 


URIC ACID-CREATININE RATIO 


140 - 
Fed TYPHOID 
a 
130 - Pa 
Pa 
Pad 
9, P--— oo 
120-— % ‘ OO eee Pd 
UJ ry ae ok 
i} / oe” “™=cemea, 
“ . / e =e FEVER CABINET 
‘ ry i 
10 = AY \ / & 
/ A 9 ; “ 
e - Y 
‘ e ics K ” a 
100 a 






\P.v. PYROMEN 





PER CENT OF CONTROL 





90- 
80- 
CONTROL 
70_ 
98° 100° 1of% 101! 100? PROTEUS VULGARIS PYROMEN 
Temp 96" 99' 99% 100! 1004 1o1® 101° TYPHOID 100% 994 99 99° 
99° 103° 104 104° 103° 102* 100? 99° FEVER CABINET 
4 
HOURS O 2 4 6 86 10 12 #14 «+16 «#18 20 24 28 32 48 





Fig. 4.—Uric acid:creatinine ratio after fever induced by Pv Pyromen, typhoid vaccine, an 
fever cabinet. 


Probably the same immunologic and toxie factors are responsible for th 
differences in the leucocyte response after Pv Pyromen and ACTH. It 
known that both animals*? and man?’ slowly develop tolerance to Pv Pyrom¢ 
and it causes a low degree of toxicity in animals.*! Recently, Wells** has su: 
gested that the eosinopenia observed in animals following Pv Pyromen is not 


function of the pituitary-adrenocortical axis. In adrenalectomized dogs, eith: 
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untreated or treated with desoxycorticosterone acetate, he has found a drop 
in eosinophils with Pv Pyromen which is as great as in a group of normal 
animals so treated, whereas this was not so with ACTH. 

Since adaptation and immunity do not develop in man following fever 
cabinet therapy,** the leucocyte response from this stress would be expected to 
mirror more closely other nonspecific stresses or the administration of ACTH. 
This is borne out by our study. There is less of a mononuclear drop than in 
the other types of fever and although there is leucocytosis, is is not as pro- 
found as that following Pv Pyromen. This degree of leucocytosis may be seen 
in some individuals following administration of small doses of ACTH. It is 
believed that this type of fever represents a relatively pure response, free 
from the many hematologic side effects seen in the other forms of fever 


studied. 
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Fig. 5.—The excretion of urinary corticosteroids in five patients after Pv Pyromen. 


In none of the groups did fever cause a consistent increase in the uric 
acid :ereatinine ratio such as that which follows administration of ACTH. The 
lata demonstrate a trend toward such an increase and this is in sharp con- 
trast to the diurnal changes in the controls followed without therapy. Alt- 
chule, Parkhurst, and Promisel’ recently suggested that the variable increases 

uric acid:creatinine ratio that they observed following typhoid vaccine 
ever might be explained by the effects of the fever itself on metabolie proc- 
‘ses, renal function, and dehydration when fever rose to high levels. These 
\ctors may account for the variations in this ratio which we found. 

The absence of increased urinary excretion of corticosteroids following 
ver induced by Pv Pyromen is not what one would expect if large doses of 
TH were liberated by such fever. We have no evidence, however, that 
inary corticosteroids are increased following a single injection of a small 
se of ACTH. The failure to demonstrate increased urinary corticosteroids 
ter Py Pyromen does not imply that there has not been an increased pro- 
ction. Coreoran and Page** pointed out that the renal threshold for these 

stances probably is high and that only after great rises in blood levels do 
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they appear in the urine in increased quantities. On the other hand, using 
chemical methods different from ours, Corcoran and Page** have shown a rise 
in corticoids following fever induced in patients with malignant hypertension. 
Perhaps our acute experiments did not provide the stimulus for production of 
large amounts of corticosteroids and this may, in turn, explain the lack of 
increase of these substances in the urine. 

Beeson: *° has postulated from work in rabbits that fever from pyrogenic 
agents is dependent on a nonspecific substance liberated from damaged cells 
prior to phagocytosis of pyrogenic materials by the reticuloendothelial sys- 
tem. This mechanism may exist in man.*’ Beeson has postulated also that this 
substance acting on hypothalamic heat centers changes heat-regulating mech- 
anisms of the body. In an effort to determine whether this nonspecific sub- 
stance was histamine or epinephrine, we gave two groups of two persons each 
Chlor-Trimeton and Dibenamine after fever was produced by Pv Pyromen. 
ever and the expected leucocyte change still occurred. Similarly, two sub- 
jects given aspirin had the characteristic leucocyte response to Pv Pyromen. 
This suggests that this pyrogenic agent may cause these blood changes with- 
out fever. 

CONCLUSIONS 

The blood leucocyte response following fever induced by fever cabinet, 
typhoid vaecine, and Py Pyromen simulates that seen after administration of 
ACTH. The uric acid:creatinine ratio and corticosteroid excretion were not 
significantly altered, contrary to what would be expected if the leucocyte 
response was caused by liberation of adrenocorticotropie hormone. The pos- 
sibility exists that the stress, acting over a relatively short time, was sufficient 
to alter the blood picture but not the excretion of urie acid, creatinine, or cor- 
ticosteroids. We have presented evidence which suggests that in persons 
with normal pituitary glands fever and pyrogenic substances cause the re- 
lease of small amounts of ACTH. Additional evidence is necessary to prove 
this point. 

The authors wish to acknowledge the technical assistance of Mrs. Frances Jolly, Miss 


Ruth Brower, and Miss Portia Anderson, University Hospitals, Iowa City, Iowa. Urinary 
corticosteroid analyses were done by Baxter Laboratories, Inc., Morton Grove, III. 
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THE EFFECT OF ACTH AND CORTISONE ON PNEUMOCOCCAL AND 
INFLUENZA VIRAL INFECTIONS IN THE WHITE MOUSE 
Epwarp H. Kass, M.D., Pu.D..* Stpney H. InGBar, M.D.,** 
MarGUERITE M. LUNDGREN, A.B., AND MAXWELL FINLAND, M.D. 
Boston, Mass. 


HEN pituitary adrenocorticotropic hormone (ACTH) was administered 
W patients with pneumococeal or primary atypical pneumonia, prompt 
defervescence and relief of symptoms resulted. In the pneumococcal pneu- 
monias this symptomatic improvement occurred despite the persistence of bac- 
teremia and of rusty sputum containing viable and unphagocytosed pneu- 
mocoeci.! Although empyema appeared in one patient with Type 1 pneumococ- 
cal pneumonia, and fever returned in another with primary atypical pneumonia 
after the ACTH was withdrawn, the clinical changes which occurred while the 
hormone was being administered suggested that some of the mechanisms con- 
cerned with resistance to infection might be regulated by the adrenal cortical 
hormones. In an attempt to elucidate such mechanisms, the effects of ACTH 
and cortisone on pneumococcal infections in immune and nonimmune mice and 
on influenza viral infections in mice were investigated. A preliminary summary 
of the findings has been given elsewhere.? 


METHODS AND MATERIALS 


Experimental Animals.—White Swiss mice of the Tumblebrook farm strain were used 
throughout. In experiments with the influenza virus, these were male mice weighing 20 to 
25 grams except where otherwise noted. The reasons for using large mice are discussed 
below. In the study of pneumococcal infections adult male mice were used initially, but 


adult female mice were also used later with no apparent difference in the results. 


Hormones.—ACTHt was diluted in saline so that 0.5 ml, contained the desired dose. 


The usual dose was 2.5 mg. of ACTH given intraperitoneally every twelve hours. This dosage 
schedule has been found to produce sustained eosinopenia in this strain of mice for four to 
six days.8 ACTH was administered for forty-eight to seventy-two hours in experiments deal- 
ing with pneumococcal infection, and for six to seven days in experiments dealing with in 
fluenzal infection. 

The first dose of ACTH was given four hours before inoculation with the infectious 
agent. Mice infected with pneumococci received subsequent injections of ACTH from separate 
needles for each mouse, in order to minimize the likelihood of cross-infection. In some experi 
ments control mice received 0.5 ml. of saline every twelve hours, and separate needles were 
also used for these injections. It was not thought desirable to utilize saline-treated controls 
in all experiments inasmuch as the injection of saline into mice itself induces eosinopenia, 
presumably as a result of adrenocortical stimulation.3. 4 However, in several parallel experi 
ments no difference was observed between controls treated with saline and controls not so 
treated. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard) 
Boston City Hospital and the Department of Medicine, Harvard Medical School. 

Aided by a grant from the United States Public Health Service. 

Received for publication, Jan. 25, 1951. 

*Senior Fellow in Virus Diseases, National Research Council. 

**Edward Hickling Bradford Research Fellow in Medicine, Harvard Medical School. 

+Kindly supplied by Dr. J. R. Mote of the Armour Laboratories. The dosages of ACTH 
are given in terms of the LA-1A standard. 
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Cortisone* was used as a saline suspension containing 25 mg. of cortisone acetate per 
milliliter plus suspending agents. Preliminary experiments showed that an initial dose of 
10 mg. given subcutaneously followed by daily doses of 5 mg. for five more days maintained 
eosinopenia in mice during the six days when the hormone was being administered. It is 
essential that intraperitoneal injections of this hormone be avoided. Mice receiving the corti- 
sone by this route frequently became hyperpneic, immobile, and showed evidence of peripheral 
vascular collapse, from which they recovered spontaneously in about thirty minutes. 





EFFECT OF ACTH & CORTISONE 
ON WEIGHT OF MICE 
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The administration of the hormones appeared to be well tolerated, but the mice uni- 
formly lost weight, probably as a consequence of the loss of nitrogen which is induced by 
ACTH and cortisone. This decrease in weight amounts to as much as 20 to 25 per cent of 
the total body weight after but six days of administration of ACTH. For example, twenty 
male mice were weighed at regular intervals and given food and water ad libitum. After 
the rate of growth had been established, 2.5 mg. of ACTH were administered every twelve 
hours for six days to ten of them. The mice were weighed again twenty-four hours after the 
last dose of hormone, this time being chosen in order to permit subsidence of the edema which 
may accumulate during the time of administration of ACTH. The mean weights of the mice 
lecreased from 23.8 to 18.2 grams in six days, but the mice quickly regained most of the lost 
veight after the hormone was discontinued (Fig. 1). Cortisone, administered to the other 
en mice, induced a mean loss of 3 grams in six days and the initial rate of growth was 
esumed promptly after the administration of steroid was stopped. 


rn 


Infectious Agents.—Mouse virulent Type 2 pneumococci were used; the minimal lethal 
ose was 1 to 3 organisms. The desired dilutions were made in broth from an eighteen-hour 
lood broth culture and 0.5 ml. was injected intraperitoneally into each mouse. Colony counts 
‘ade with 0.5 ml. of the 10-7 dilution in blood agar plates yielded 5 to 10 colonies. 

In some experiments, mice were partially protected with specific antipneumococcal rabbit 
erum. Previous titrations were performed to determine the dilution of antiserum which, 
hen mixed with an equal volume of bacterial suspension and injected intraperitoneally, 





*Purchased from Merck & Co., Inc. 
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would protect approximately 50 per cent of the mice from approximately 50,000 pneumococci. 
This amount of antiserum was then mixed with equal volumes of varying dilutions of pneu- 
mococei containing 103 to 107 pneumococci per milliliter and 0.5 ml, of the mixture was in- 
jected intraperitoneally as soon as possible after the dilutions were made, 

The PRS strain of influenza A virus used in these studies was first enhanced in virulence 
for mice by serial intranasal passages. Infection was induced by intranasal instillation of 


0.05 ml. of a 10 per cent suspension of infected mouse lung into lightly anesthetized mice. 


EXPERIMENTAL. 


Effect of ACTH and Cortisone on Pneumococcal Infection in Unprotected 
Mice.—Neither ACTH nor cortisone protected mice against small doses of Type 
2 pneumococci as shown in Table I. In another experiment, four times as much 
ACTH was given every twelve hours with substantially the‘same results. There 
was a tendency, in repeated experiments, for mice receiving ACTH to survive 
for a few hours longer than control mice, although those which lived longer 
were obviously ill and usually moribund at the time that the control mice sue- 
ecumbed. Neeropsies were performed on many of the mice dying in these experi- 
ments. The adrenal glands of infected mice which had received ACTH were 
uniformly larger than those of infected mice which had not received ACTH. 
There was no gross indication that ACTH might have failed to act because of 
adrenal insufficiency induced by the fatal infection. Mice receiving cortisone 
tended, in repeated experiments, to suecumb a few hours sooner than control 
mice. 


TABLE I. Errect or ACTH AND CORTISONE ON PNEUMOCOCCAL INFECTION IN MICE 


TREATMENT 


“DILUTION OF ACTH* CORTISONEt CONTROL 
CULTURE 10-4 10-5 10-6 10-7 10-5 10-6 10-7 | 10-4 10-5 10-6 10-7 
Mouse 
1 D20¢ D20 D300 D36 D18 D22 D22 Dis DI18 D20 D24 
2 D20 D24 D36 D36 D18 D22 D22 D18 Dis D24 D24 
3 D24 124 D36 D36 Dis p22 D22 D18 D20 D24 D30 
4 D24 D24 D36 D36 D18 D22 D24 DIS D20 D24 D300 
5 D24 D24 D36 D36 D18 [22 D24 D18 D20 D24 D30 
6 D24 D380 =D36—)——-D36 D1s D24 D24 D18 D20 D24 D30 
7 D30 D380 =D36)) «D36 Dis D24 D24 D20 = D20 D24 D36 
8 D30 D380 =D386 = D48 D18s D24 -D24 D20 D24 D30 = D36 
9 D36 D380) —-D36 D48 D18 D24 D24 D20 D24 D30 D36 
10 D36 D36 D36 D48 D20 D24 D24 D20 D24 D30 Ss 





*ACTH: 2.5 mg intraperitoneally every twelve hours. 


+Cortisone: 10 mg. initially, then 5 mg. daily subcutaneously. 


tD = Died; the number represents hours after infection when death occurred. 
Ss Survived seven days. 


Effect of ACTH and Cortitsone on Pneumococcal Infection in Passively 
Protected Mice.—The strain of pneumococecus which was used in these experi- 
ments was so highly virulent for the mice that the animals could be considered, 
for practical purposes, to have no native immunity to the microorganisms. Since 
it was conceivable that ACTH might stimulate host reponses associated with 
immunity but fail to exert any effect in the absence of immunity, the mice were 
given sufficient antiserum to protect them against a large challenge dose. Such 
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immunized mice were then given doses of pneumococei large enough to over- 
come the immunity conferred upon the animals; the effect of treatment of such 
mice with ACTH and cortisone is shown in Table IT, 


TABLE II. Errect or ACTH AND CorTISONE ON PNEUMOCOCCAL INFECTION IN 
PASSIVELY IMMUNIZED MICE** 


TREATMENT 


DILUTION OF ACTH* CONTROL 
CULTURE | 10-2 10-3 10-4 10-2 10-3 10-4 
Mouse 
I D17t D28 S D17 D27 S 
2 D17 D35 S D17 129 Ss 
3 D17 142 S DIS D30 S 
4 124 D52 Ss P21 D37 Ss 
5 D24 D67 Ss D24 D37 Ss 
6 D24 Ss Ss 127 D44 Ss 
7 D24 Ss Ss D229 S S 
8 D24 Ss Ss D30 Ss S 
9 D40 Ss Ss D35 S Ss 
10 D40 S Ss D35 Ss Ss 
TREATMENT 
DILUTION OF CORTISONEt CONTROL 
CULTURE 10-2 10-3 10-4 10-2 10-3 10-4 
Mouse 
] D20 D20 D32 D0 D32 D32 
2 D20 D32 D32 D20 D32 Ss 
3 D20 D32 D32 D20 Ss Ss 
4 D20 D32 D32 D20 Ss Ss 
§ D20 D32 Ss D20 Ss Ss 
6 D20 D32 Ss D20 Ss Ss 
7 D20 D60 Ss D21 Ss Ss 
8 D20 D60 Ss D28 S Ss 
9 D20 Ss Ss D28 Ss Ss 
10 D20 Ss Ss D2s8 S Ss 


**Kach mouse received a dose of specific antipneumococcal rabbit serum sufficient to 
protect approximately half of the mice injected with 5u,v0U pneumococc: 

*ACTH: 2.5 mg. intraperitoneally every twelve hours. 

*Cortisone: 10 mg. initially, then 5 mg. daily, subcutaneously. 

tD Died; the number represents hours after injection when death occurred. 

5 Survived seven days. 


Neither ACTH nor cortisone increased the survival time of partially im- 
munized animals challenged with lethal doses of pneumococci. The experiment 
was repeated using twice as much ACTH per mouse (5.0 mg. every twelve hours) 
with the same results. As in the previous experiments, the administration of 
cortisone to the protected mice was associated with more rapid death, and, in 
this instance, with a slightly greater mortality than in control animals. 

Effect of ACTH and Cortisone on Influenza Viral Infections in Mice.— 
Resistance of mice to fatal infection with the virus of influenza increases with 
the age of the host.’ The initial experiments with the PR8 strain of influenza 
virus were therefore conducted using male mice weighing 20 to 25 grams. In 
this way, animals with maximal ‘‘natural’’ immunity to the virus could be 
used, in order to increase the likelihood that an effect of the adrenocortical 
hormones on resistance to the virus might be observed. Table III shows that 
2.5 mg. of ACTH given every twelve hours did not significantly alter the 
survival rate of large mice infected with the PRS8 strain of influenza virus. 








784 KASS, INGBAR, LUNDGREN, AND FINLAND 


Gross examination of the pulmonary lesions in surviving mice was performed 
twelve days after the beginning of the experiment and the extent of residual 
consolidation was estimated. There were no significant differences between 
treated and control mice using either death or the presence of pulmonary con- 
solidation as end points. The experiment was repeated using smaller mice, 
weighing 15 to 18 grams, with substantially the same results. When the dose 
of ACTH was doubled, there was no change in the numbers of mice surviving 
infection. Cortisone not only failed to protect mice, but seemed, as in the 
pneumococeal experiments, to be associated with a higher mortality rate in mice 


treated with this hormone. 


TABLE IIT. Errecr or ACTH AND CORTISONE ON INFECTION WITH PRS STRAIN OF 
INFLUENZA A VIRUS IN MICE 


TREATMENT 


DILUTION OF ACTH™ CONTROL 
VIRUS 10-4 10-5 10-6 10-7 10-4 10-5 10-6 10-7 
Mouse 

1 D4t D6 D9 S444 D4 D3 D3 S444+ 
re D4 D6 D11 S44 D5 D5 S++ Si+ 
3 D4 D6 S44 S+ D5 D6 Si+ S4+ 
4 D5 D7 S++ S+ D5 D6 SH- S++ 
5 D5 D7 Si44+- S+ D5 D7 SH S++ 
6 D5 D7 S+4 S+ D5 D7 S++ S4+ 
7 D5 D11 S+4 So D5 D7 S+ Si+ 
S D7 D1] S44 SO D6 S++ S++ S++ 
9 D9 S+4 Si4 SO D11 S4 SO SO 
10 D11 S4 SO SO EE SO SO SO 

TREATMENT 
DILUTION OF CORTISONEt CONTROL 
VIRUS 10-3 10-4 10-5 10-3 10-4 | 10-5 
Mouse 

1 D3 D3 D5 D4 D5 Ds 

> D3 D3 D5 D4 D5 D8 

3 D3 D4 D5 D4 D5 D8 

4 D3 D4 D5 D5 D5 D8 

5 D4 D4 D5 D5 D5 D9 

6 D4 D4 D6 D5 D6 D10 

7 D4 D4 D7 D5 D6 Si+ 

8 D4 D5 D7 D5 SH+ S++ 

9 D4 D5 D7 D6 S++ S+ 
10 D5 D5 Ds D6 SH4+ S+ 


*ACTH: 2.5 mg. intraperitoneally every twelve hours. 
+Cortisone: 10 mg. initially, then 5 mg. daily, subcutaneously. 


tD = Died; the number represents the days after infection when death occurred. 
S = Survived twelve days. The survivors were necropsied and the extent of consolida- 
tion of the lungs was estimated as +++, 100 per cent; +4, 50 per cent, etc. 0 = No lesions. 


Necropsies performed on the mice succumbing to the infection disclosed 
that mice receiving ACTH had larger adrenal glands which appeared to contain 
more lipid than those of control mice. 

One group of mice was infected with a 10° dilution of infected mouse lung 
(approximately 6 LD,,), and the mice were given ACTH as before. Each day 
thereafter for six days four treated and four control mice were sacrificed and 
their lungs removed. A 10 per cent suspension of the pooled lungs from eacli 
group was prepared in serum broth and stored at —72° C. until completion of 
the experiment. Hemagglutinin titers of these suspensions were then compared 
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using the Salk technique, and it was found that ACTH did not alter significantly 
the rate of formation of hemagglutinins for chicken red blood cells in infected 
mouse lungs (Fig. 2). The infectivities of the suspensions of mouse lung when 
injected intra-allantoically in embryonated eggs were also compared and again 
there were no significant differences in the titers of lungs from mice receiving 
ACTH as compared with those obtained with lungs from control infected mice 
which had not received the hormone. ACTH, therefore, did not exert any 
significant effect on the rate of multiplication of the PR8 strain of influenza 
virus in the murine lung. 





EFFECT OF ACTH ON MULTIPLICATION OF 
INFLUENZA VIRUS IN MURINE LUNG 
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DISCUSSION 


It has been amply demonstrated that absence of the adrenal coriices renders 
the animal host more susceptible to the effects of infections and to a wide 
variety of toxins.* * Adrenal cortical extracts, administered to adrenalectomized 
animals in sufficient amounts, restore, more or less completely, the resistance to 
toxie and infectious agents.” * However, attempts to increase the resistance 
of intact animals to various toxie and infectious agents by the use of adreno- 
cortical extracts have led to conflicting and variable results.® * ° 

The studies presented in this paper demonstrate that neither ACTH nor 
cortisone, in large doses, increased the survival rate of mice infected with pneu- 
nococei or with influenza virus. Similar failures to protect mice against strepto- 
‘oceal infection and rats against pneumococeal infection’® and to alter influenzal 
infection! using ACTH or cortisone have been reported. ACTH has not altered 
the clinical course of poliomyelitis.'2 Furthermore, ACTH has failed to protect 
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mice and rats against the acute toxie action of concentrated influenza virus, and 
did not alter the resistance of mice to the toxie action of concentrated sus- 
pensions of rickettsiae." 

The treatment of pneumococeal infection with adrenocortical extracts has 
resulted in slight prolongation of the life of mice.'* This prolongation was 
accentuated if sulfadiazine and adrenocortical extracts were used and their 
effectiveness was compared with sulfadiazine alone. On the other hand, un- 
suecessful attempts were made to increase the immunity of actively immunized 
mice by the use of adrenocortical extracts.’ 

The data presented in this paper show a slightly greater tendency for sur- 
vival in ACTH-treated mice than in control mice, whereas mice treated with 
cortisone died more rapidly than controls. The discrepancies between these ob- 
servations and those made using adrenocortical extracts remain unexplained. 
Possibly the effects of steroids other than cortisone present in cortical extracts 
may account for the difference. By the same token, ACTH would stimulate the 
adrenal cortex to produce additional steroids besides cortisone and hence its 
effects might be somewhat different from those produced by cortisone. The latter 
is closely related physiologically and chemically to compound F (17-hydroxy- 
corticosterone) but is produced by the adrenal cortex only in small amounts or 
not at all.’® 

The wide variety of physiologic effects which follow the administration 
of ACTH and cortisone makes it difficult to determine any simple relationships 
between the hormones and resistance to infection. Such metabolic changes as 
the marked loss of nitrogen, the occasional development of diabetes, or other 
effects could conceivably so increase susceptibility to infection as to overbalance 
any enhancement of resistance induced by some different actions of the hormones. 

The divergent action of ACTH and cortisone with respect to acute infection 
is difficult to assess. ACTH or cortisone may induce deferveseence with relief 
of pain and clearing of evidence of toxemia,’ yet the same hormones may inhibit 
the development of the inflammatory response'’ and thus depress resistance in 
some instances. Rabbits which are ordinarily resistant to infection with Group 
A streptococci may develop cardiac and renal lesions and sueecumb to such in- 


8 


fections if they are receiving cortisone.’* Similarly, tuberculous animals re- 
ceiving cortisone have an altered inflammatory response as compared with con- 
trol infected animals and may have more severe and more rapidly progressive 
lesions than their controls.’” 2° Rapid progression of tuberculous lesions has 
occurred in some patients subsequent to the administration of ACTH or corti- 
sone, despite the diminution of fever, increased appetite and sense of well-being 
which was observed during the period of administration of the hormones.?" ** 
It is apparent that ACTH and cortisone are not to be considered as adjuncts 
to the therapy of infectious diseases, at this time. Their use in these cireum- 
stances should be considered experimental and should be undertaken only under 
carefully controlled conditions and with great caution. Certain of the effects 
of the hormones, however, require further study, in order to evaluate both their 
relationship to immune processes and the significance of some of the differences 
in the responses that have been observed in patients and in experimental animals. 
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SUMMARY AND CONCLUSIONS 


Mice receiving ACTH or cortisone in doses adequate to maintain eosinopenia 
for six days lose 13 to 25 per cent of their body weights in that period of time. 

The mortality rate of mice infected with virulent pneumococci is not de- 
creased by treatment with ACTH or cortisone. Mice receiving ACTH tend to 
live a few hours longer than controls. Mice receiving cortisone usually die 
sooner and have a slightly higher mortality rate than controls. 

Mice partially protected with specific antiserum are not afforded additional 
protection by the use of ACTH or cortisone. Again, animals receiving cortisone 
die more rapidly than control animals. 

Mice infected with influenza virus are not protected by the hormones, and 
the rate of multiplication of the virus in the infected mouse lung is not altered 
by treatment with ACTH. 

The divergent action of the adrenal hormones in inducing marked improve- 
ment in the clinical symptomatology of the patient with some acute infections 
but in not benefiting, or occasionally aggravating, infections in experimental 
animals makes it inadvisable to use ACTH or cortisone as general therapeutic 
agents in clinical infections until their role in such diseases is more clearly 
defined. 
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EFFECT OF OXYGEN TENSION AND OF pH ON THE SICKLING 
AND MECHANICAL FRAGILITY OF ERYTHROCYTES 
FROM PATIENTS WITH SICKLE CELL ANEMIA 
AND THE SICKLE CELL TRAIT 
Ropert D. LANGE, M.D., Vircinta Minnicu, M.S., AND Cart V. Moore, M.D. 

St. Louts, Mo. 


URING the past few years, several types of study have defined important 

differences between sickle cell anemia and the sickle cell trait. Two groups 
of workers have found that the post-transfusion survival time of trait erythro- 
eytes is normal while that of sickle cell anemia red cells is greatly shortened.’ * 
London, Shemin, and Rittenberg have observed an in vitro synthesis of heme 
from tagged glycine by blood from patients with sickle cell anemia, but were 
unable to demonstrate this phenomenon when blood of individuals with the 
sickling trait was used.* Pauling and associates‘ have discovered that the hemo- 
globin in sickle cell anemia has a difterent electrophoretic mobility from normal 
hemoglobin and have postulated that there is a difference in the number or kind 
of ionizable groups in the two hemoglobins. Subjects with the trait were found 
to have a combination of the two forms.*:* Schneider and Levin have reported 
that erythrocytes from patients with sickle cell anemia, when injected into 
rabbits, produce antisera which agglutinate the red cells of individuals with 
sickle cell anemia, but not those of subjects with the trait.6 On the basis of 
genetic studies, Neel has proposed that patients with sickle cell anemia are 
homozygous with respect to the sickle cell gene, while those with the trait carry 
a heterozygous gene combination.’ 

None of these investigations, however, actually explains the following 
enigma. In atmospheres of carbon dioxide or in the presence of reducing 
agents, * 1° nearly 100 per cent of both trait and anemia erythrocytes become 
sickled. The capacity to sickle is possessed equally, therefore, by the two types 
of red cells. Yet their in vivo behavior is so different that a shortened survival 
time and hemolytic anemia are characteristic of sickle cell anemia, while a 
normal survival time and normal total red cell values are found in the sickle 
cell trait. A clue to the explanation of this difference is provided: (a) by the 
demonstration that when erythroeytes are sickled, they are less resistant to 
mechanical trauma,’ !?) 1% and (b) by the observation that cells from patients 
with sickle cell anemia sickle more readily than do trait erythrocytes. No satis- 
factory quantitative measurements of the difference in susceptibility to sickling 
have been made, but Sherman did show that sickling occurs at a higher oxygen 
tension in sickle cell anemia than in sickle cell trait..*. He regulated the oxygen 
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tension, however, by producing various degrees of a partial vacuum. In addi- 
tion, Hahn and Gillespie observed that a decrease in hydrogen-ion concentration 
increases the rate of sickling and that anemia cells are more susceptible to these 
changes than are trait erythrocytes.” 

The investigations to be deseribed in the present report were designed to 
determina with greater precision (1) the levels of oxygen tension at which 
sickling occurs in red cells from patients with both types of sickle cell disease, 
(2) the effect of sickling on mechanical fragility, and (3) the effect of pH on 
sickling. It was found that the mechanical fragility of red cells paralleled the 
degree of sickling in all experiments. Lowering the pH of the suspension of 
cells was found to increase the degree of sickling at higher oxygen tensions. The 
erythrocytes from patients with sickle cell anemia tended to assume abnormal 
shapes at higher oxygen concentrations than did trait cells. In general, the 
oxygen tension had to be reduced to a partial pressure of 15 mm. He or less 
before appreciable sickling of trait cells occurred. Since the oxygen tension of 
tissues is seldom reduced to that level or Jower,'® and since sickling of anemia 
erythrocytes did occur at oxygen tensions likely to be found in tissues or in 
venous blood, it is suggested that this quantitative difference in the ease with 
which sickling occurs may account, at least in part, for the different clinical and 
hematologic manifestations of sickle cell anemia and the sickle cell trait. 


METHODS AND EXPERIMENTAI, CONDITIONS 


Blood obtained by venipuncture and oxalated with the standard potassium ammonium 
oxalate mixture!7 was adjusted to a hematocrit of 40. One-half milliliter was then placed 
along with ten glass beads in a 50 ml. Erlenmeyer flask and rotated at 32 revolutions per 
minute on a wheel capable of holding four such flasks. The distance from the center of the 
wheel to the center of each flask bottom was 4.5 centimeters. The flasks were fitted with 
two-holed rubber stoppers. Through one hole was inserted an inlet tube which reached within 
1 cm. of the bottom of the flask. Through this tube, a steady stream of an appropriate, 
hydrated gas mixture was permitted to flow at atmospheric pressure during the time the 
flasks were rotated. The second hole in the stopper served as the outlet. The mechanical 
difficulty of passing the gas mixture through the flasks while they were being rotated on 
the wheel was solved by use of a pressure rotating valve. The same gas mixture had to 
flow through all four flasks being rotated at any one time; by employing two wheels, it 
was possible to use two gas mixtures and to do two experiments simultaneously. 

In order to make certain that the concentrations of oxygen and of carbon dioxide were 
the same for all experiments, gas mixtures were prepared in large evylinders of 2,200 cu. ft. 


capacity as follows: 


MIXTURES WITHOUT CO, MIXTURES WITH CO, 
0, N, 0, N, CO, 
11.9% 88.1% 11.5% 78.5% 10% 
7.7 92.3 7.8 82.2 10 
5.8 94.2 5.8 84.2 10 
0 96.0 4.1 85.9 10 
2.1 97.9 1.9 88.1 10 
0 100.0 0 90.0 10 


These mixtures were prepared by weight by the Linde Oxygen Company. Samples collected 
at random were analyzed for O, and CO, by the method of Van Slyke and Sendroy18; in 


each instance the results agreed with the foregoing analysis within the limits of error of 
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the analytic method.* Hydration of the gases was accomplished by bubbling them through 
two water bottles (containing fritted gas dispersers and glass wool to break up the bubbles) 
placed between the tank and the rotating valve. The flow of gas was kept constant at ap- 
proximately 1,200 ml, per minute for all four flasks on a wheel, or about 200 ml. per 
minute per flask. All experiments were done at room temperature (23.5° to 31.0° C.). 

With the few exceptions noted later, the period of rotation and of exposure of the 
blood to any given gas mixture was standardized at 99 minutes. At the end of this time, 
one of the flasks was used for the determination of pH, one for estimating the per cent of 
sickling, and two for determination of the mechanical fragility. The sample for pH measure- 
ment was diluted with 8 ml. of 0.85 per cent saline and then aspirated into an airtight 
hypodermic glass electrode while the gas was still flowing through the fiask. The pH was 
read immediately at room temperature with a Beckman hydrogen-ion meter. Into the second 
flask, also while the gas was still flowing, 2 ml. of 10 per cent Formalin in 0.85 per cent 
saline were injected. Four minutes were allowed for fixing the red cells; moist cover slip 
preparations were made and then sealed with petrolatum. The number of sickled and ab- 
normal forms per 1,000 cells was counted. This method constitutes an adaptation of the 
technique described by Sherman.14 In the final two flasks, mechanical fragilities were deter- 
mined in duplicate by the method of Shen!!; oxyhemoglobin was measured in an Evelyn 
photoelectric colorimeter. 

In some cf the experiments, the hydrogen-ion concentration was altered by buffers. De- 
tails of these special conditions will be given when the experiments are described. 

All of the patients with sickle cell anemia, with one exception, had the characteristic 
clinical manifestations of the disease: an anemia, reticulocytosis, elevated icteric index, more 
than 30 per cent abnormal forms with Sherman’s test; and all have required repeated trans- 
fusions for support. No transfusions, however, had been given within four months prior 
to these studies with the exception of two patients studied for the effect of pH on sickling. 
The one patient with sickle cell anemia who did not show the usual clinical manifestations 
was Patient J. B., an adolescent boy, 16 years of age. His red blood cell count has varied 
from 3.4 to 4.35 million per cubic millimeter. Hemoglobin values have varied from 11.1 to 
12.2 Gm. per cent, and the packed cell volumes from 32 to 37 per cent. The reticulocytes 
have ranged from 3.4 to 11.3 per cent. The Sherman test on three occasions showed from 
14.7 to 15.7 per cent abnormal forms. The icterus index on two occasions was 15. The direct 
reading bilirubin was 0.37 mg. per 100 ml. of plasma and the indirect bilirubin equaled 1.19 
mg. per 100 ml. of plasma. Urine urobilinogen was within normal limits but the fecal 
urobilinogen was elevated to 1,088 Ehrlich units per 100 Gm. of feces. The Coomb’s test 
was negative. The patient has not had any of the clinical manifestations of sickle cell 
anemia except for delayed puberty and subnormal growth. No transfusions have been 
required, The subjects with sickle cell trait had no clinical or laboratory evidences of sickle 
cell anemia, although several were anemic as a result of chronic hemorrhage. 

RESULTS 

A. Mechanical Fragility, pH, and Degree of Sickling After Exposure to 
Low Oxygen tension in O.-N, Mixtures.—The first experiments were done in 
atmospheres of O. and N, alone to determine the difference in behavior of sickle 
cell anemia and trait erythrocytes. Determinations were made on the blood 
from six patients with sickle cell anemia and from five subjects with the sickle 
cell trait. Results are tabulated in Table I. The extremes of variation, outlining 
the range of values, are graphically illustrated in Fig. 1. In this and subsequent 
figures, the per cent of hemolysis is graphed as the expression of mechanical 
fragility, and the approximate oxygen tensions given by the different oxygen 
concentrations in the gas mixtures are indicated. Analysis of the data shows: 


*The authors are indebted to Mr. C. E. Rhein of the Linde Oxygen Co. for making arrange- 
ments to have these special tanks prepared, and to Dr. John C. Tinsley for the manometric 
inalyses. 





NAME SEX. 


L. B. F 
a; 1D. iy 
E. P. M 
F. O. M 
i 2 F 
J.B. M 
A. F. F 
A. M. F 
J.MeM. F 
G. H.z M 
B. G. F 


AGE 


59 
oo 
39 
19 
20 
29 
16 
42 
29 
12 
54 
29 


DIAGNOSIS 
SICKLE 
CELL 
Anemia 
Anemia 
Anemia 
Anemia 
Anemia 
Anemia 
Trait 
Trait 
Trait 
Trait 
Trait 


7 
*Abnormal and sickle cells. 


+Concentration of oxygen. 


PATIENT 


(GM./ 


HB. 


100 c.c.) 


10.1 
7.8 
8.4 
8.1 
6.0 

11.6 

11.5 

AP eS 

12.5 
6.9 

10.1 


R.B.C, 
( MILLIONS/ 


MM.3) 


2.90 
2.04 
2.70 
2.44 
1.71 
3.90 
4.90 
4.36 
4.60 


99 
aa 


4.44 


Sherman test. 
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TABLE I, 


| 11.9% 
RETICS | s* MFW ) MFX sy | 
(%o) | (%) | (%) !(%) | (%) | pu 
15.4 30.1 3.§ 5.4 5.3 7.68 
29.0 32.2 120 13.4 9:9 744 
46.2 35.6 6.2 7.5 4.3 7.65 
44.0 35.6 5.6 9.0 13.2 7.54 
21.5 34.7 6.0 5.7 2.1 7.62 
5.4 15.2 5.5 4.8 12 7.62 
3.0 10.1 234 2.3 2.7 7.79 
Be 3.0 3.0 au 1.5 
1.6 2.6 = 3.1 1.7 7.68 
3.3 i 4.8 5.6 14 7.38 
8.4 14 389 29 05 7.30 


Remainder of gas mixture was nitrogen. 


w, Mechanical fragility of cells in terms of per cent hemolysis. 
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Fig. 1.—Effect of varying concentrations of oxygen and nitrogen on anemia and trait erythro- 


cytes. 


(1) that in an atmosphere of 2 per cent oxygen the number of sickled cells 


increased in four of six specimens from sickle cell anemia but not with trait 
erythrocytes; (2) that in pure nitrogen there was a definite increase of sickling 
in all specimens; (3) that at any given O. tension the degree of sickling for 
anemia cells was greater than for trait erythrocytes; and (4) that the changes 
in mechnical fargility of both types of cells paralleled closely the increase in 


the number of sickled forms. 
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CELL fF) ANEMIA AND SICKLE CELL TRAIT RED BLOOD CELLS 
‘TIONS F) AS PROVIDED BY GAS MIXTURES CONTAINING OXYGEN 
AND J) NITROGEN 


OXYGEN CONCENTRATION t 


7.7% 5.8% 4.0% 2.1% 0% 
MFXx Sy MFX sy | MFXx sy MFx sy MFXx sy | 
(%) (%) | PE | (%) | (%) pH {| (%) | (%) | pH | (%) |(%) | pH (%) (%) pH 
5.4 5.6 8.04 6.1 S35 7.63 4.0 4.5 7.79 4.8 4.9 G40 13.5 59.2 7.72 
12.3 23 7.65 12.1 9,2 7.65 11.8 9.5 7.91 11.8 11.1 7.72 47.0 89.4 7.81 
4.9 6.3 7.90 8.0 4.2 7.83 7.5 6.0 7.90 9.6 12.9 7.51 35.0 88.4 7.63 
6.3 7.2 7.49 6.2 La 7.46 5.5 16.7 7.59 34.2 91.2 7.46 
5.4 2.3 7.54 5.7 4.4 7.48 6.8 5.0 7.58 (fu 14.2 7.68 31.4 96.5 7.41 
5.1 1.5 7.63 4.5 1 7.49 4.0 1.8 7.52 6.1 15.9 1.45 28.8 91.0 7.76 
99 3.4 7.50 2.4 2.1 7.64 3. 3.8 7.63 2.7 3.3 7.70 17.9 82.0 lete 
4.0 1.5 3.6 1.6 3.8 1.9 Bh 2.6 9.0 39.4 
2.5 hel 7.72 4.1 2.3 7.62 BH 1.4 7.63 3.0 12 7.43 9.2 20.1 7.38 
4.3 1.4 7.30 4.0 LJ 7.48 By a “uh 4.8 1.2 7.43 8.0 6.6 7.45 
2.5 0.6 7.32 1.9 0.5 7.38 2.9 0.5 7.19 2.9 3.9 7.20 6.7 11.8 7.19 


x, Mechanical fragility after exposure to gas mixture. 
y, Percentage of sickle cells following exposure to gas mixture, 
z, Patient had anemia associated with nitrogen retention. 

These results were disappeinting in several respects. The difference in 
behavior of anemia and trait cells was not as great as had been expected. 
Furthermore, even though 30 per cent or more of the red cells are usually sickled 
in the venous blood of patients with sickle cell anemia where the oxygen tension 
is normally 30 mm. Hg or more, it was necessary to reduce the oxygen tension 
to less than half that level to obtain comparable degrees of sickling. A probable 
explanation for this result was provided by the pH values which tended to be 
higher than normal. It seemed likely that the constant flow of gas through the 
flasks washed away CO, and caused the blood to become more alkaline. In order 
the compensate for this effect, the experiments were repeated with gas mixtures - 
that contained approximately the same concentration of O, but had 10 per cent 
CO, added. 

B. Mechanical Fragility, PH, and Degree of Sickling After Exposure to 
Low Oxygen Tension in O.-N. Mixtures Containing 10 per cent CO,.—Blood 
from the same subjects was used. Results are recorded in Table II; the range 
of values is indicated in Fig. 2. The addition of 10 per cent CO, to the gas 
mixtures lowered the pH of blood samples to between 6.63 and 7.08, and led to 
sickling of both types of cells in higher concentrations of oxygen. In four of 
the six specimens from patients with sickle cell anemia, sickling began to increase 
at an O, concentration of 5.8 per cent; in the other two instances, the increase R 
oceurred at 4.1 per cent Ov. By contrast, in blood from subjects with the trait, 
a higher percentage of sickled forms did not appear until the O, concentration 
had been lowered to 1.9 per cent in four instances and to 4.1 per cent in the 
remaining case. As in the previous experiments, mechanical fragility increased 
in proportion to the degree of sickling. The average values for the percentage 
of sickled cells at each oxygen concentration show that sickle cell anemia erythro- 
cytes tend to assume their abnormal shape at a distinetly higher oxygen tension 
than do trait cells. There is, however, a tendency for some overlapping to occur 
ind the curves (Fig. 2) which describe the extremes of the results obtained are 

ot widely separated. 
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Figs. 3 and 4 contrast for sickle cell anemia and sickle cell trait, respectively, 
the data obtained with the two types of gas mixtures. They emphasize the fact 
that with CO. added, sickling was produced at higher oxygen concentrations. 
Since this effect could have been produced either by the CO, itself or by the 
lowered pH, the following experiments were done in an attempt to determine 
which factor was responsible for the change. 
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Fig. 2.—Effect of varying concentrations of oxygen and nitrogen with 10 per cent COz on anemia 
and trait erythrocytes. 


C. Effect of pH on Sickling and on Mechanical Fragility.—In order to test 
the effect of hydrogen-ion concentration on the susceptibility of erythrocytes 
to sickling, three types of experiments were done: (1) the pH of blood exposed 
to the O.-N. gas mixtures was lowered by addition of a buffer to values approxi- 
mating those found when the gas mixtures contained CO.; (2) the pH of blood 
exposed to the O.-N.-CO, gas mixtures was raised by addition of a buffer to 
values approximating those found when the gas mixtures contained only Os» 
and N,; (3) the pH of blood exposed to 2.1 per cent O, and 97.9 per cent N, 
was varied by the use of buffers through a range of 6.5 to 7.8. The results 
demonstrate that it is pH rather than the presence or absence of CO. in the gas 
mixtures which influences the susceptibility of cells to sickling at low oxygen 
tensions. 

(1) Effect of Phosphate Buffer of pH 6.3 on the Sickling and Mechanical 
Fragility of Erythrocytes Exposed to O.-N, Gas Mixtures: Isotonic phosphate 
buffers were prepared by mixing appropriate amounts of 0.1 molar aqueous solu- 
tions of K,HPO, and NaH.PO,. In exploratory experiments it was determined 














796 


LANGE, 


MINNICH, 


AND 





MOORE 


that such a phosphate buffer of pH 6.3 would control the pH of the blood sample 
so that at the end of 90 minutes’ exposure to O.-N, mixtures during rotation in 


the Erlenmeyer flasks, the blood would have a pH of approximately 6.9. 


The 


actual values observed varied from 6.72 to 6.95 and corresponded well with the 
pH values obtained for blood exposed to gas mixtures containing 10 per cent 


CO. (Table IT). 
blood sample was first adjusted to a hematocrit of 40. 


Addition of buffer was made in the following manner. 


Each 


Plasma equal to 50 per 


cent of the total adjusted volume was then removed and replaced by the 6.3 


phosphate buffer. 
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FIGURE IV 
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Fig. 3.—Effect of the two gas mixtures on anemia erythrocytes. 
4.—KEffect of the two gas mixtures on trait erythrocytes. 


Fig. 


Observations were made on the blood from two patients with 
anemia and two subjects with the trait. 
type of sickle cell disease are charted in Figs. 5 and 6. 


showed similar results. In each instance increased sickling occurred at a higher 


sickle cell 


Data for one of the patients with each 


The other two subjects 


*-oxygen-concentration than when no buffer had been used and the pH, conse- 


quently, was higher. 


creased as sickling became more pronounced. 
(2) Effect of Sodium Bicarbonate on the Sickling and Mechanical Fragility 
of Erythrocytes exposed to O,-N2-CO, Gas Mixtures: In order to raise the pH 


of blood samples exposed to the gas mixtures containing 10 per cent CO, to 


As in the previous experiments, mechanical fragility in- 
So a 
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approximately 7.4, it was necessary to use a 0.15 molar solution of sodium bicar- 
bonate. Unfortunately, this solution caused partial hemolysis of the red cells 
unless it also contained 0.5 per cent sodium chloride. The final buffer used, 
then, was slightly hypertonic. Addition to the blood was made in the same 
manner as with the phosphate buffer. 
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Fig. 5.—Effect of oxygen tension and hydrogen-ion concentration on anemia erythrocytes. 


Observations were made on the blood of the same four subjects used in the 
experiments described in the previous section. Blood was exposed for 90 min- 
utes of rotation to the gas mixtures containing 10 per cent CO.. Results are 
charted for two patients in Figs. 5 and 6. The final pH values varied from 
7.32 to 7.53; they were, therefore, approximately the same as those obtained 
with O.-N, alone (Table I). The higher pH levels made both trait and sickle 
cell anema erythrocytes less susceptible to the sickling effects of low oxygen con- 


centrations. Again, mechanical fragility of the cells paralleled the degree of- 


sickling. 

Because the sodium bicarbonate buffer was hypertonic, it was necessary 
to control the results by adding a sodium chloride solution of comparable hyper- 
tonicity, 1.4 per cent, in place of the buffer. This experiment was done on the 
blood from Patient L. B., with sickle cell anemia. With both types of gas mix- 
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tures (with and without 10 per cent CO.), the cells sickled at higher concentra- 
tions of oxygen. The hypertonic sodium chloride, therefore, increased the sus- 
ceptibilitiy of the cells to the sickling effect of low oxygen tensions (Fig. 5). 
This change is in the reverse direction from the effect of the bicarbonate buffer, 
and suggests that if it had been possible to use an isotonic bicarbonate buffer 
in these experiments, the higher pH might have been even more effective in de- 
creasing the sickling and mechanical fragility at low oxygen concentrations. 
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Fig. 6.—Effect of oxygen tension and hydrogen-ion concentration on trait erythrocytes. 


(3) Effect of pH on the Sickling Produced by 2.1 Per cent O, and 97.9 
Per Cent N,: In order to study the effect of pH on the sickling, blood was 
exposed to 2.1 per cent oxygen and 97.9 per cent nitrogen under conditions 
similar to those used for all the previous experiments except that the time of 
rotation and exposure to the gas was reduced to 15 minutes. This gas mixture 
was selected because the oxvgen concentration was low, yet by itself it did not 
cause marked sickling. The blood samples from five patients with sickle cel! 
anemia and from five with the trait were studied. Phosphate buffers were added 
to give final pH values of from 6.5 to 7.8. Results are illustrated in Fig. 7. 
With pH values of 7.1 to 7.45, 50 per cent or more of the red cells from patients 
with sickle cell anemia became abnormal. Comparable degrees of sickling, how- 
ever, were not produced in trait erythrocytes until the pH was lowered to 6.75 
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to 7.1. With this pH effect, therefore, it was also possible to demonstrate a 
difference in behavior of sickle cell anemia and trait erythrocytes, but here, too, 
some overlapping of results occurred. 
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Fig. 7.—Effect of pH on anemia and trait erythrocytes. *Patients had been transfused prior 
to study. 


DISCUSSION 


Under the conditions of these experiments, the two factors which influenced 
susceptibility to sickling were the oxvgen tension and the hydrogen-ion concen- 
tration. Decreases in either or both of these factors increased the degree of 
sickling. It would seem that the CO, tension is important only in so far as it 
influences the pH of the blood. The importance of oxygen tension and of pH 
in bringing about sickling has been noted previously,'* *° but the technique used 
in these earlier studies were often less precise and did not differentiate well the 
relative importance of the two influences. Other investigators have observed 
that reducing substances increase sickling.*:° 1° Sinee oxidation reduction po- 
tentials were not measured in the experiments deseribed in this report, no evalu- 
ation of the possible reducing effects of low oxygen tensions or of lowered pH 
can be made. 

It has frequently been reported'* '°:?® that at an oxygen tension of 45 mm. 
He most of the erythrocytes of sickle cell anemia patients would assume the 
sickled form. In these investigations, however, an approximate oxygen tension 
of 30 mm. Hg was needed to produce an increase in the degree of sickling when 
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carbon dioxide gas mixtures were used. When the nitrogen-oxygen gas mix- 
tures were used, an oxygen tension of zero was needed to produce a marked in- 


crease of sickling of the erythrocytes from sickle cell anemia patients. 

The results of these experiments demonstrate that erythrocytes from pa- 
tients with both sickle cell anemia and sickle cell trait withstand mechanical 
trauma normally when in the form of biconcave dises, but have an increased 
mechanical fragility when in the sickled state. Similar observations have been 
made by Shen, Castle, and Fleming," by Diggs and Bibb,’ and by Nickel.’? 


EFFECT OF Op TENSION AND pH ON SICKLING 
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Fig. 8.—AN., Average result of two patients with anemia. ’FR., Average result of two patients 
with trait. 


The principal reason this study was undertaken was to discover, if pos- 
sible, anv physiologic difference in the behavior of anemia and trait cells which 
would account for the accelerated hemolysis in sickle cel! anemia and the normal 
erythrocyte values characteristic of sickle cell trait. The oxygen tension in 
tissues probably varies between 15 and 42 mm. Hg; with severe vasoconstriction 
it may apparently fall to 10 mm. Hg.*® If one could demonstrate that sickle cell 
anemia erythrocytes would tend to sickle at oxygen tensions and hydrogen-ion 
concentrations regularly found in tissues while trait cells failed to do so, then 
one would have an explanation for the different manifestations of the two 
forms of sickle cell disease. In Fig. 8 the average data of two anemia and two 
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trait subjects are charted in an attempt to demonstrate such a difference. The 
vertical striated columns delineate roughly the oxygen tensions which might be 
found in the tissues. It is evident that the sickling of trait cells tends to be 
minimal at these levels whereas sickling of anemia cells does occur. If one 
plotted average values for all experiments, similar differences would be ob- 


served. However, the explanation is not too satisfactory because overlapping of 
results occurred and a sharp differentiation between cells from anemia and the 
trait could not always be made with these experimental techniques alone. This 
overlapping may occur in part because the red cells from patients with sickle 
cell trait may differ in their susceptibility or resistance to sickling. Such reason- 
ing is in agreement with the recent observations of Wells and Itano who found 
the percentage of abnormal hemoglobin in sicklemia to vary from 24 to 43 per 
cent.’ It is possible that a sharper difference in the behavior of the two types 
of erythrocytes might have been demonstrated had we been able to duplicate 
physiologie conditions more satisfactorily. 


SUMMARY AND CONCLUSIONS 


The erythrocytes of sickle cell anemia and sickle cell trait patients were 
studied by measuring the mechanical fragility and degree of sickling under 
different oxygen and hydrogen-ion concentrations. 


The results demonstrate: (1) that the hemolysis produced by mechanical 
trauma of both types of red cells increased as the percentage of sickling in- 
creased; (2) that both pH and oxygen tension are important factors in regu- 
lating the degree of sickling; (3) that CO. produces its effect on sickling by 
lowering the pH; (4) that an oxygen tension of below 45 mm. Hg is needed 
to produce sickling of the erythrocytes from some sickle cell anemia patients; 
(5) that, in general, trait erythrocytes are more resistant to changes in both 
pH and oxygen tension than are anemia cells. 


It is suggested that this difference in the susceptibility of sickle cell anemia 
and trait erythrocytes to sickling, plus the accompanying differences in mechani- 
eal fragility, may explain why sickle cell anemia and sickle cell trait differ in 
their clinical and hematologic manifestations. 
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EVALUATION OF THE MOUSE TEST FOR THE LABORATORY 
DIAGNOSIS OF TUBERCULOSIS 


ALBERT Miuzer, M.D., Pa.D., Epwin R. Levine, M.D., AND 
Mivprep B. Lewis, B.S. 
CuicaGo, IL. 


N A preliminary report! we found that gastric mucin significantly enhances 

the virulence of tubercle bacilli for pigmented strains of mice (line 1 dba, 
C3H and Cd7 black). Grossly visible lesions containing large numbers of 
tubercle bacilli were usually present ten days after intraperitoneal inocula- 
tion with the dosages and strains of tubercle bacilli studied. Several isola- 
tions of tubercle bacilli from patients were made ten to fifteen days after 
inoculation by use of line 1 dba or C3H mice and mucin. We also found that 
the number of isolations from patients could be significantly increased by feed- 
ing pigmented mice inoculated with mucin the cornmeal diet of Dubos and 
Pierce.” 

An evaluation of the suitability of the mouse test for the routine labora- 
tory diagnosis of tuberculosis was attempted in the present study. This was 
done by inoculating specimens from patients into mice, guinea pigs, and eul- 
ture media simultaneously. A microscopic examination of the direct smear of 
each specimen was also done. 


MATERIALS AND METHODS 


Mice.—Line 1 dba mice weighing 13 to 15 grams, obtained from the Roscoe B. Jack- 
son Memorial Laboratory, were used in all tests. Usually three or four mice were inocu- 
lated with each specimen, and the mice were kept in individual glass jars with metal tops. 
The mice were fed a diet composed of Purina dog Checkers and water until the time of 
inoculation, when the cornmeal diet of Dubos and Pierce? was substituted. 

Mucin.—A 5 per cent suspension of granular mucin (Type 1701-W, Wilson Laboratories, 
Chicago) was prepared by suspending 5 Gm. in 100 c.c. of distilled water. The suspension 
was next filtered through gauze, adjusted to pH 7.4, and autoclaved. The prepared sus- 
pension was stored in the refrigerator at 3 to 5° C. until used. 

Test Specimens.—Sputa, gastric lavage, etc., obtained from patients were prepared in 
the usual manner by the addition of 3 per cent sodium hydroxide and subsequent neutral- 
zation with sulfuric acid. Sputa were digested no longer than two hours and gastric 
avage thirty minutes with sodium hydroxide. Following neutralization, the specimen was 
ested for sterility in thioglycollate media. If no growth occurred on the following day, 
he specimen was mixed with equal parts of 5 per cent mucin and inoculated subcutaneously 

.5 ¢.c.) into the back and intraperitoneally (0.5 ¢.c.) into each of three or four line 1 
ba mice. The mice were sacrificed ten to twenty days after inoculation and impression 
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smears were routinely made of all suspicious lesions. If no macroscopic lesions were 
present, organs such as the liver and spleen, the peritoneal fluid, and so on, were also 
smeared, All smears were fixed by heat and stained by Ziehl-Neelsen technique. The 
usual procedure was to kill one mouse of the group ten days after inoculation while the 
remainder were sacrificed at intervals up to twenty days after inoculation, depending on 
the initial findings. 

A guinea pig and freshly prepared Petragnani’s media were also inoculated simul- 
taneously with each specimen. The guinea pigs were routinely sacrificed three months after 
inoculation and autopsied unless signs of infection were apparent sooner. Petragnani’s 
media were incubated at 37° C. in stoppered tubes and observed daily until growth was 
first noted. 

RESULTS 

Two hundred and seventy-three specimens routinely collected from pa- 
tients in Michael Reese Hospital for the laboratory diagnosis of tuberculosis 
were studied. The specimens were tested as received without selection. The 
types and number of specimens are shown in Table I. The number positive is 
based on combined results of smear, guinea pig, culture media, and mouse in- 
oculations. 


TABLE I. ROUTINE SPECIMENS FROM PATIENTS 


SPECIMEN NUMBER TESTED NUMBER POSITIVE 
Sputum 181 65 
Gastric lavage 50 18 
Urine 13 3 
Spinal fluid 11 0 
3ronchial lavage 6 1 
Pleural fluid 6 0 
Pus 5 3 
Stool 0 
Total 273 90 


Table II shows the combined results obtained in comparative studies with 
the various specimens in direct smear, Petragnani’s culture media, guinea 
pig, and mouse inoculations. Only 218 specimens of this series were inocu- 
lated into guinea pigs because of the shortage of these animals at the time 
this study was done. The direct smear consisted of examination of the con- 
centrate as well as suspicious particulate matter, especially in sputum speci- 
mens. Petragnani’s media were incubated for at least three months before 
being discarded. 


TABLE II. COMPARATIVE RESULTS OF VARIOUS SPECIMENS TESTED IN DIRECT SMEAR, 
PETRAGNANI’S MEDIA, GUINEA PIGS, AND MICE 


TEST METHOD NUMBER OF SPECIMENS NO. POSITIVE | PER CENT POSITIVE 
Direct smear 273 AY f 20.9 
Culture Zia 90 Ja.0 
Guinea pig 218 69 31.6 
Mouse 273 67 24.5 


The results obtained in Table II clearly indicate that the rapid mouse 
test in which the mice are sacrificed ten to twenty days after inoculation of 
the specimen plus mucin is inferior to Petragnani’s media or guinea pig inocu- 
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lation. All of the specimens which were microscopically positive were also 
positive in mice. However, ten specimens which were microscopically nega- 
tive were positive in the mouse test. Only two groups of mice of the sixty- 
seven positive failed to show macroscopic lesions. Both of these showed the 
presence of acid-fast bacilli in impression smears of the spleen, liver, or perito- 
neal fluid. Most of the positive mice showed tubercle-like macroscopic le- 
sions ranging in size from 2 to 4 mm. at the site of both subeutaneous and 
intraperitoneal inoculation. About 5 per cent developed macroscopic lesions 
at the site of subeutaneous inoculation only and were negative intraperito- 
neally. On the other hand, none showed gross lesions intraperitoneally only. 
In every instance impression smears of gross lesions in positive mice stained 
by the Ziehl-Neelsen technique showed the presence of large numbers of acid- 
fast. baeilli. 

Most of the microscopically negative specimens which were positive in the 
culture or guinea pig were negative in the mouse. Approximately 95 per 
cent of the positive cultures showed growth in four to six weeks; 2 per cent 
were positive in three weeks and 3 per cent in six to eight weeks. Ninety- 
seven per cent of the guinea pigs were positive in six to eight weeks while 3 
per cent were not positive until three months had elapsed. 


DISCUSSION 


No attempt was made to determine whether the mouse test would be 
as sensitive as culture media or guinea pig inoculation if longer intervals of 
time were allowed to elapse following inoculation. However, we have con- 
firmed the observations of Patnode and co-workers® that mouse inoculation 
is of value in testing the pathogenicity of cultures with atypical growth in a 
relatively short time. 

In the mouse test it is imperative that all gross lesions be smeared and 
examined microscopically for acid-fast bacilli because other organisms such 
as Actinomyces,‘ Nocardia, ete., may produce similar lesions when inoculated 
with mucin. Occasionally we have observed apparently typical lesions in 
which ‘no acid-fast bacilli could be demonstrated. We regarded such lesions 
as being negative in tabulating results of the present study. It is not prac- 
tical to inoculate mice intracerebrally for diagnostic work because of the 
high mortality due to the toxicity of the prepared specimens.* We observed 
no apparent toxicity in mice inoculated subcutaneously or intraperitoneally 
with the various specimens plus mucin in the present study. 

The fact that the mouse fails to develop tuberculin sensitivity makes it 
impossible to detect spontaneous tuberculous infection in these animals. This 
disadvantage together with Glover’s finding® that relatively few tubercle 
baeilli ean produce recognizable tuberculous foci in mice by inhalation are 
objections which have been raised against using mice in diagnosis of tuber- 
‘ulosis. However, we feel that our positive findings in mice are valid because 
in most instances macroscopic lesions containing numerous acid-fast bacilli 
were present at the site of: subcutaneous or intraperitoneal] inoculation. 
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SUMMARY 


Comparative studies were carried out of routine specimens from patients 
for the diagnosis of tuberculosis by the direct smear and simultaneous inocu- 
iation of Petragnani’s media, guinea pigs, and line 1 dba mice. The various 
specimens inoculated into mice were previously mixed with gastric mucin and in- 
jected both subcutaneously and intraperitoneally. The mice were fed a corn- 
meal diet starting at the time of inoculation and were sacrificed ten to twenty 
days later. The results obtained indicate that the mouse is inferior to the 
guinea pig and culture media and cannot be recommended as a primary diag- 
nostie procedure for the routine laboratory diagnosis of tuberculosis. 
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A MICROMETHOD FOR PROTHROMBIN TIME DETERMINATIONS 


Henry D. ISENBERG, B.S. 
JAMAICA, LONG ISLAND, N. Y. 


XTENSIVE use of Dicumarol therapy has made frequent prothrombin time 

estimations imperative. Several methods of varying efficiency and com- 
plexity are available for the performance of this determination. Outstanding 
among these are the methods of Quick, Smith, Warner, and Brinkhous,? the 
bedside test of Smith and associates,? the microprothrombin time of Kato,* and 
the plasma dilution method of Shapiro.® The more accepted and accurate of 
these methods require venipuncture, a procedure dreaded by patient, physician, 
and technician alike when repeated frequently over an exteided period. <A 
method was therefore sought which would have the accuracy of the methods re- 
quiring venipuncture and yet possess the ease of finger puncture. The micro- 
method described below uses the anticoagulant immediately for the dilution of 
Shapiro’s method.® 

MATERIALS AND METHODS 
Reagents.— 


1. One hundred and twenty-five ten thousandth (0.0125) molar sodium oxalate (0.168 
per cent) is prepared in 0.9 per cent sodium chloride. 

2. Difco or any other acceptable thromboplastin, prepared as directed in the accompany- 
ing literature. 

3. Fortieth molar calcium chloride. 

Procedure.— 

Pipettes 0.2 ml, (to contain) are prepared by rinsing with the oxalate reagent described 
and allowing them to drain. Drying may be hastened by passing air through the pipettes. 
Samples are prepared by adding 0.2 ml. of blood, obtained by deep finger puncture with a 
lancet, to 0.77 ml. of the oxalate reagent described in a small (750 by 10 mm.) test tube, The 
blood is expelled and the pipette is rinsed several times with the mixture. The tube is stoppered 
and inverted at least ten times. This is followed by centrifugation and removal of the super- 
natant. The supernatant is then placed in a constant-temperature water bath at 37° C., as are 
the thromboplastin and calcium chloride reagents. After five minutes’ incubation, 0.1 ml. of 
thromboplastin and 0.1 ml. of calcium chloride are pipetted into 75 by 100 mm, tubes. Then 0.1 
ml. of the supernatant plasma from unknown and control, already at 37° C., are blown into the 
thromboplastin-caleium chloride mixtures. A stop watch is started at this moment and com- 
plete continuous mixing is maintained by passing a nichrome needle with a small loop through 
the mixture in even strokes. The end point is the time of appearance of strands of fibrin which 
are lifted above the liquid surface by the passing loops. 


RESULTS AND DISCUSSION 


This micromethod is a modification of Shapiro’s diluted plasma prothrombin 
time. Shapiro® as well as Unger and Shapiro® has emphasized that the use of 
12.5 per cent plasma is more sensitive for the detection of fine alterations in 
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prothrombin concentration than the undiluted plasma, while retaining a ¢lear- 
cut end point in cases of hypoprothrombinemia. As mentioned previously, the 
micromethod described incorporates the dilution factor with the anticoagulant, 
resulting in a diluted plasma specimen immediately at the time blood is drawn. 
A close correspondence between values obtained by Shapiro’s macromethod and 
the micromethod has been observed. The end point was always detected with 
ease on patients receiving anticoagulant therapy and reflected the degree of 
hypoprothrombinemia as determined by the usual methods with and without 
dilution, with accuracy. (Table I.) 


TABLE I. PROTHROMBIN TIMES ON RANDOM PLASMA SAMPLES 


QUICK’S METHOD SHAPIRO’S METHOD MICROMETHOD 
PLASMA SAMPLE (SEC. ) (SEC. ) (SEC. ) 
1 15 . oo 36 
2 15 oF 37 
3 14 35 36 
4 16 39 41 
5 21 61 59 
6 16 40 41 
7 30 83 84 
8 35 87 87 
9 40 9] 93 


The advantage of the micromethod is its ease of performance. It provides 
relief from repeated venipunctures. It makes accurate prothrombin time de- 
terminations feasible in children and in adults with poor veins. The micro- 
method using capillary blood approximates more closely the actual blood coagu- 
lation as it oceurs physiologically in the body, for most spontaneous bleeding is 
eapillary in origin. Coagulation from the time of puncture is under complete 
control. The tourniquet effect, difficult to overcome when venous blood is used, 
is lost with the free natural flow of blood following deep finger pune- 
ture. The difficulty in entering the vein in many cases, particularly after repeti- 
tions of the puncture procedure, causes variation in the amount of tissue 
thromboplastin liberation, which affects the subsequent technical procedure, with 
no possibility of correction for this variable error. This great source of error 
in prothrombin time determinations which will vitiate a most accurate laboratory 
procedure is better controlled by a uniform type of finger puncture. 

The micromethod also provides a suitable emergency bedside test since 
centrifugation may be omitted and the whole blood can be used and a thermos 
bottle can be substituted for the constant-temperature water bath. 

CONCLUSION 

A micromethod for prothrombin time determinations, which can be per- 
formed on capillary blood and is comparable in accuracy to results obtained by 
the methods of Shapiro and Quick, has been described. It can be adapted for 
emergency use. 


The author gratefully acknowledges the technical assistance of Mrs. Anne Sachs and 
Gilbert S. Trelawny. 
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AN INEXPENSIVE CARRIER AMPLIFIER FOR USE WITH 
RESISTANCE WIRE MANOMETERS 

Joun R. Wesr, M.D.,* James L. West, M.S., AND LAWRENCE J. O'NEILL, M.S. 

New York, N. Y. 


INTRODUCTION 


HE optical registration of intracardiae pressure pulses during the course 

of cardiac catheterization can be accomplished with reasonable fidelity 
and accuracy by making use of resistance wire manometers and photograph- 
ically recording galvanometers.'}*}*> In many applications the use of suf- 
ficiently long optical levers and sufficiently sensitive galvanometers makes pos- 
sible the use of these instruments directly coupled without electronic amplifica- 
tion. In some instances, however, amplification of the output of the pressure 
transducer is desirable. It is the purpose of this paper to describe a simple, 
inexpensive carrier amplifier that was constructed for use with a Stathamt 
P23A pressure transducer and a Heilandt type G galvanometer at 100 em. 
optical distance. 

A transducer of the type used in this application consists, essentially, of a 
normally balanced bridge circuit of resistive elements (Fig. 1) and a me- 
chanical linkage system which causes an applied pressure to strain the ele- 
ments of the bridge. Straining of the resistive bridge arms changes their re- 
sistances and causes the bridge to become unbalanced. The output voltage 
obtained from the bridge of the transducer under consideration is proportional 
to the presssure applied to the mechanical linkage system. 

The transducer bridge may be excited either by means of a constant 
(D.C.) voltage or a sinusoidally varying (A.C.) voltage. When the trans- 
ducer is excited by means of a D.C. voltage the amplification system must be 
‘capable of amplifying zero frequency (D.C.) voltages. In general, D.C. 
amplification systems are considerably more complex, cumbersome, and ex- 
pensive than carrier systems. Moreover, such systems are subject to problems 
of drift resulting from thermal effects in the vacuum tubes used. Finally, 
D.C, amplification systems require the use of high performance regulated 
power supplies, providing three or more positive and negative voltages. 

Carrier amplification systems, which are applicable when A.C. transducer 
excitation is used, are simple, inexpensive, and reliable. A complication, how- 
ever, which arises from the use of such systems is that of ‘‘detecting,’’ i.e. 
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measuring the instantaneous amplitude of the A.C. voltage of the bridge out- 
put. Most of the common detecting systems exhibit nonlinear performance, 
the output of the detector being not directly proportional to the instantaneous 
amplitude of the A.C. input. The most straightforward method for eliminat- 
ing this difficulty is to amplify the alternating voltage to a fairly large ampli- 
tude (20 or more volts) before detection. Detectors yielding almost perfectly 
linear performance at these amplitudes are commonly available. This is not 
possible in cases in which the signal input to the amplification system may 
occasionally go to zero as is the case in the type of measurement under con- 
sideration. Moreover, when the voltage amplitude at the signal source (the 
transducer) is very small, the amount of amplification required to increase it 
to a level sufficient for good linear detection may be extremely large. When 
this is the case, such effects as thermal ‘‘noise’’ and instability may make the 
realization of such a system impossible. 
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Fig. 1.—The bridge circuit. Included in this diagram are the bridge resistance (tf) 
balancing and the stray capacity (*) balancing circuits and the calibrating resistors (for 
discussion see text). 


A system for obtaining excellent linear detection at low signal amplitudes 
will be described in the following section. The availability of such a detec- 
tion system together with the inherent advantages of A.C. amplification sys- 
tems, as contrasted to D.C. systems, has led to the selection of a carrier system 
for this application. 

DESCRIPTION OF SYSTEM 

The amplification system as used here is composed of two parts, an oscillator-power 
amplifier to supply the carrier excitation for the bridge contained in the pressure transducer 
and a carrier amplifier-detector for the purpose of amplifying and detecting the signal 
output of the pressure transducer. The power supply (not shown) for these includes a 300 
volt nonregulated component and a 250 volt supply regulated by a conventional cascode 
regulator employing one 6Y6, one 6SL7, and one VR 105 vacuum tube. 

To be satisfactory, the oscillator-power amplifier must supply a reasonably distor- 
tionless sinsoidal signal of constant amplitude (9 volts rms, in this instance) to the trans- 
ducer bridge (250 ohms input impedence). The circuit shown (Fig. 2) is satisfactory for 
this standpoint. It consists of a conventional, amplitude-stabilized, resistance-tuned os- 
cillator, employing 6J7 and 6F6 vacuum tubes, a phase inverter to provide the signal for 
the last stage, and a push-pull power stage, consisting of two 6V6 vacuum tubes trans- 
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former-coupled to the bridge. The only important feature of the oscillator is its excep- 
tional amplitude stability, which assures constant amplitude excitation for the bridge. 


The frequency of oscillation is 1,300 cycles per second. 
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Fig. 2.—The oscillator-power amplifier. The potentiometer marked * should be set so 
that the A.C. voltages on the plates of the 6SN7 are equal. R: is a 6 watt, 110 v. Mazda bulb. 
R: is a 0 to 500 ohm potentiometer which is set to give stable operation of the oscillator. 
T;: is selected to match a pair of 6V6’s in push-pull (class AB:) into a 250 ohm load. All 
filaments are on 6.3 v. A.C. (for discussion see text). 
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Fig. 3.—The amplifier-detector. Note that all filaments are on 6.3 v. D.C. (for discussion 


see text). 


The technique used in the amplifier-detector has been employed in alternating cur- 
rent vacuum tube voltmeters to overcome nonlinearities of diode detectors. Such de- 
tectors usually present a high impedance to signals of small amplitude and low impedance 
to large signals. This causes a lack of proportionality between carrier amplitude and 
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detected output. This defect is overcome in the circuit shown (Fig. 3) by including the 
detecting tube in a feedback loop, Thus, despite changes in the impedance of the diode 
detector, due to variations in the signal level, the conversion gain of the amplifier detector 
(in milliamperes through the galvanometer per millivolt of input) is maintained at a prac- 
tically constant level regardless of the amplitude of the input signal. The degree of linear- 
ity between galvanometer current and A.C. input is limited only by the amount of voltage 
gain in the feedback loop. The conversion gain of this amplifier-detector is about 50 
microamperes per millivolt. 






































































































































Fig. 4.—Records of (a) pulmonary arterial and (b) right ventricular pressures obtained 
using a 100 cm. cardiac catheter. These records were not obtained on the same patient. The 
first ventricular curve has been retouched in order that the rapid upstroke and downstroke 
may be seen more easily. The time lines indicate 0.10 second intervals. 


This type of detector is not ‘‘phase’’ sensitive; that is to say, either positive or 
negative pulses of pressure will cause deflections of the galvanometer in the same direction 
if the transducer bridge is initially balanced to give zero signal output for zero pressure. 
If, however, the bridge is purposely unbalanced with a trimming resistor, the galvanometer 
can be made to indicate the sign of the pressure pulse. Thus, instead of having variations 
of’ galvanometer current about zero, the variations will be about some value which wil! 
serve as zero. Mechanical adjustment of the galvanometer can be used to obtain ‘‘on 
scale’’ readings. 

In operation, the bridge is initially balanced by means of the circuits shown (Fig. 1) 
to give a zero signal output for zero pressure. Then, by means of the bridge resistance 
balancing circuit, the bridge is unbalanced in a direction selected to give the proper sign 
of the pressure pulse as recorded by the galvanometer. 
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Rapid over-all calibration of the entire system is secured through use of the cal- 


ibrating resistors (Fig. 1) to produce a change in bridge output which is exactly equal 
to that produced by a known pressure applied to the transducer. 


Some records, typical of those it is possible to obtain with this system, are shown 


(Fig. 4). 
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A MODIFIED PERFUSION TECHNIQUE FOR THE RECOVERY 
OF SCHISTOSOMES 
C. Pan, M.D., anp G. W. Hunter III, Px.D.* 
Tokyo, JAPAN 


INTRODUCTION 


I’ WORKING on various experiments dealing with schistosomiasis japonica, 
it was necessary to recover at autopsv all of the parasites regardless of their 
location or stage of development. The modification of the original Faust and 
Meleney (1924) perfusion technique by Yolles and co-workers (1947) proved 
helpful. Further changes have been made in this technique, which are reported 
here in the hope that they will prove useful to other workers. 


PROCEDURE 
The following procedure is suggested (Fig. 1). 


1, Fill a 1 or 2 gallon aspirating bottle with physiologic saline (0.85 per cent). 

2. Use a 100 ml. syringe as a source of pressure. 

3. Connect the syringe to the stem of a T tube which is connected to the aspirating 
bottle (with a stopcock) through one arm and to the needle through the other. Use a 22 
gauge needle for mice, and a 19 gauge needle for hamsters. 

4. Open the stopcock to fill the syringe and then close it to prevent back flow. 

5. Anesthetize the animal with ether, open the abdominal cavity, and ligate the follow- 
ing: (a) inferior vena cava close to the heart, (b) esophagus, (c) the arch of the aorta to the 
vertebral column, (d) femoral artery, and (e) femoral vein to the femur, (f) sacral artery, 
and (g) sacral vein to the vertebral column, (h) portal vein, (i) rectum. 

6. After the ligations are completed, cut the backbone above the ligature on the aorta 
and below the sacral artery and then through the leg (including the femur). 

7. Separate the backbone and attached organs from the skin and transfer to a Petri 
dish filled with physiologic saline. 

8. Cut the portal vein below the ligature and insert the needle in the aorta, tying it 
firmly to the backbone so‘ that it will not slip. Then perfuse through the aorta to bring out 
the worms located in the mesenteric vessels. 

9. Now cut the portal vein on the liver side of the ligature and perfuse the liver by 


inserting the needle in the sinus of the liver. 
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REMARKS 
The number of Petri dishes used with this technique depends upon the size 
of the animal, the age of the infection, and the individual worker. The tech- 
nique described here is excellent for the recovery of immature as well as mature 
worms. In experienced hands, it requires about one to one and a half hours per 
mouse or hamster, including the recovery of all of the worms. 
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Fig. 1.—Perfusion apparatus for small mammals. 
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A TECHNIQUE FOR INFECTING SMALL MAMMALS 
WITH SCHISTOSOMA JAPONICUM 


CHIATUNG Pan, M.D., E. H. KaurmMan, M.D., anv G. W. Hunter III, Pu.D.* 
Tokyo, JAPAN 


INTRODUCTION 


NUMBER of problems have depended on experimental infections of 

animals with Schistosoma japonicum. Over a period of time, an exposure 
procedure for mice and other small mammals has been developed which gives 
consistently satisfactory results. In experiments dealing with the effectiveness 
of a protective ointment, or those concerned with immunologic reactions, it is 
desirable not only that a high percentage of the cereariae penetrate the skin 
and reach maturity, but also that the effectiveness of exposure be uniform in 
individual animals and groups of animals. The technique reported furnishes 
these advantages. 

METHODS 


A wateh glass, 7.5 em. in diameter, was filled with paraffin. This was cut away at the 
center to make a well 6 em. in diameter. A round hole was then cut in a board approximately 
15 em. square so that the watch glass fitted into the depression. The board with its con- 
tained watch glass could then be handled readily on the stage of a dissecting microscope. 

Cereariae of S. japonicum were obtained by lightly crushing the shell of the snail and 
removing the liver mass containing the sporocysts and cereariae into a small Stender dish 
containing dechlorinated tap water. The livers from a number of infected snails were 
collected, teased apart, and then allowed to remain undisturbed for an hour. Most of the 
mature or infective cercariae rose to the surface film while the immature ones failed to do so. 
The mature cerecariae were harvested with a capillary pipette and the contents placed as 
separate and discrete drops in the watch glass. Here the cercariae in each drop were counted 
before adding additional water. 

Animals (mice and hamsters) were shaved down their entire backs, flanks, and necks 
twenty-four to forty-eight hours prior to exposure. This procedure was critical since contact 
of the hair with the cercariae resulted in the spreading of the liquid by capillary action, 
thus entrapping many cereariae in the fur. When ready for use, these small mammals were 
anesthetized with ether and a small strip of adhesive tape was wrapped around each leg. 
The animal was wiped with gauze soaked in warm water and placed on its back with the 
shaven area in contact with the water in the watch glass; it was then immobilized by pinning 
the free ends of the tape to the board (Fig. 1). Anesthesia was maintained during the 
first half of the exposure period (approximately fifteen minutes) so that the animal struggled 
only feebly. In this way it dipped its shaved surface in and out of the water and so 
provided maximum agitation to the contents of the watch glass. During the last half of the 
exposure period the animal was permitted to become more active. If necessary, a few drops 
of water were added from time to time to keep the watch glass from drying out completely. 
After exposure the mammal was removed to its cage and the watch glass was examined 
under the microscope to determine the number of cercariae left; these were recorded, 


From the Section of Medical Zoology, 406th Medical General Laboratory. 
Received for publication, Dec. 18, 1950. 
*Colonel, MSC, United States Army. 

















PAN, KAUFMAN, AND HUNTER 


RESULTS 

Thirty mice were each exposed to fifty cercariae of S. japonicum by this 
technique and 857 adult parasites were recovered. The perfusion technique, 
originally described by Yolles and co-workers (1947) and modified by us (Pan 
and Hunter) for the recovery of these schistosomes, was followed. An average 
of 28.6 worms per mouse was recovered; this constituted a 57.1 per cent recovery 
of the cereariae to which each was exposed. In addition to the mice, ten hamsters 
were exposed to approximately 200 cereariae each. At autopsy, it was found 
that these had a total of 1,935 worms or an average of 193.5 worms per animal. 
The findings also revealed that at least 86 per cent of these were adult worms. 
Since this was written, other hamsters and mice have been exposed with equally 
good results. 

















Fig. 1—Diagram of mouse fastened over watch glass to the animal board. 


DISCUSSION 
Previously, Cram and Figgat (1947), in working with hamsters, calculated 
that they recovered as adults only 49 per cent of the cereariae used when the 
animals were partially immersed, compared with 51 per cent when the cercariae 
were injected intraperitoneally. This must be compared with our figure of 
85 to 95 per cent in hamsters and 57.1 per cent in mice. It should be pointed 
out that we used a modified Yolles perfusion technique for the recovery of the 
adults while Cram and Figgat did not. However, while this technique enables 
one to recover more immature parasites, it has little effect (except in the ease 
of recovering them) on the total number of adult worms found. Therefore, it is 
felt that the technique described in this paper will yield a higher percentage of 
adults than the other techniques now in use for the exposure to cercariae of 
S. japomcum. It is hoped that this technique will prove useful for experimental 
work using other schistosomes. 
SUMMARY 
A procedure for infecting small mammals, such as mice and hamsters, is 
described. This technique necessitates shaving the back, neck, and flanks. Later 
the mammals are anesthetized and then immobilized over a watch glass contain- 
ing infective cercariae and exposed for half an hour. 
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APPLICATION OF A COLORIMETRIC METHOD FOR ESTIMATION 
OF METHIONINE IN BLOOD AND URINE 


JEAN BENNETT, M.S.,* WituiAM D. Davis, Jr., M.D.,** anv 
Otto ScHALEsS, D.Sc.*** 
NEw ORLEANS, La. 


N ORDER to study the disappearance of pi-methionine§ after intravenous 

injections in human beings, a colorimetrie method has been modified to per- 
mit determination of this amino acid in serum and urine. MeCarthy and 
Sullivan? noted that methionine gave a yellow color with alkaline sodium 
nitroprusside solution, which changed to red on acidification. They applied this 
reaction to casein hydrolysates. Hess and Sullivan,? Csonka and Denton,* and 
Horn, Jones, and Blum‘ modified the MeCarthy-Sullivan method and did further 
work on the methionine content of protein and food hydrolysates. Horn and 
associates* compared the colorimetric procedure with the microbiologic method 
and obtained similar results with both procedures. 

In our preliminary experiments the usual heavy metal protein precipitants 
for blood and serum, i.e., cadmium hydroxide, zine hydroxide, and tungstie 
acid, removed approximately 50 per cent of methionine added to serum. Phos- 
photungstie acid used by Csonka and Denton to precipitate the basie amino acids 
from protein hydrolysates likewise removed almost half of the methionine added 
to serum. When trichloroacetic acid was used as a precipitant for the serum 
proteins, the loss of methionine increased with its concentration in the serum, 
reached a maximum (of 20 to 30 mg. per 100 ml.) at about 150 mg. per 100 ml., 
and then remained constant. It seemed that loss of methionine depended largely 
on the amount of protein precipitated by trichloroacetic acid. 

For a microbiologic determination of L-methionine, Harper, Kinsell, and 
Barton’ deproteinized plasma with acetic acid at 100°. This proved a satis- 
factory method for us insofar as it did not seem to remove any methionine, but 
the filtrate was cloudy because of incomplete protein precipitation. The experi- 
ments with trichloroacetic acid indicated that, if the protein concentration was 
low, little methionine would be lost. A stepwise precipitation of the protein 
with acetie acid, heat, and trichloroacetic acid was, therefore, attempted. Re- 
coveries of methionine added to serum were satisfactory (Table I) when carried 
through this procedure, which is outlined later. 

Wheeler and Gyérgy® investigated the applicability of the colorimetric 
nitroprusside reaction, as described by Csonka and Denton,* to normal urine 
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TABLE I. PLASMA METHIONINE RECOVERIES 


AVERAGE MAXIMUM 

METHIONINE METHIONINE DEVIATION FROM AVERAGE 

ADDED RECOVERED AVERAGE PER CENT 

(mMG./100 ML.) (MG./100 ML. (mG./100 ML.) RECOVERED 
13.3 3.0 7 98.0 
20.0 19.0 1.0 95.0 
Soc0 ee 20 100.0 
10.0 39.0 Le 97.5 
46.7 17.4 0.7 101.5 
66.7 63.8 OD 96.0 
13.3 71.8 2.0 98.0 
79.6 81.3 1.6 102.0 
100.0 95.9 1.1 96.0 
119.4 120.1 0.7 100.5 
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Fig. 1.—Each sample contained 0.4 mg. methionine and milligrams of urea as indicated. 


but found that the amounts of methionine present were too small to give accurate 
and reproducible results. In the present study these low concentrations were 
not expected, so the colorimetric determination was applied. 

In preliminary experiments with urine it was noted that urea caused the 
methionine color to fade, so that readings made after a few minutes’ standing 
were useless. White and Koch’ reported a similar phenomenon if cystine was 
present in high ratios to methionine. They suggested immediate reading after 
development of the color by addition of acid. 

Color development of a mixture of methionine and urea showed that urea 
and the reagents form a color which absorbs light at the wave length used to 
determine the concentration of methionine. This urea color is masked by fading 
of the color due to methionine unless the reading is obtained immediately. Fig. 
1 shows how the intensity of the color derived from a constant amount of 
methionine varies with time and with the amounts of urea present. It may be 
seen that errors due to the effect of urea may be kept at a minimum if the 
amount of urea in the aliquot is less than 10 mg. and if the readings are taken 
within one minute after the addition of acid. 

The urea content of each urine sample was determined, therefore, and a 
dilution made so that the final aliquot did not contain more than 10 mg. of urea. 
Table II shows methionine recoveries from urine. 
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TABLE II. URINE METHIONINE RECOVERIES 


AVERAGE "MAXIMUM 


METHIONINE METHIONINE DEVIATION FROM AVERAGE 
ADDED RECOVERED AVERAGE PER CENT 
(MG./100 ML.) (MG./100 ML.) (mG./100 ML.) RECOVERED 

10 14 4 140.0 

13 15 2 115.0 

20 20 0 100.0 

27 26 1 96.0 

40 42 2 105.0 

60 59 1 98.0 

67 66 1 98.5 

80 82 2 102.5 

100 98 2 98.0 

133 23 10 92.5 

REAGENTS 


The following reagents and standard solutions are required: 


(a) 0.4 per cent acetic acid. 

(b) 20 per cent trichloroacetic acid. 

(ce) 15 per cent trichloroacetic acid. 

(d) 5N sodium hydroxide (approximately). 

(e) 1.3N hydrochloric acid (approximately). 

(f) 0.03N hydrochloric acid (approximately). 

(g) 1 per cent sodium nitroprusside solution in water, prepared fresh daily. 

(h) 85 per cent orthophosphorie acid. 

(i) Stock methionine standard: 1.0000 Gm. of pi-methionine is dissolved in 40 ml. 
approximately 6.4N hydrochloric acid and filled up to 100 ml. with water. 

(j) Working methionine standard: the stock methionine standard is diluted 1:100 
with water, so that 5 ml. contain 0.5 mg. methionine. If less than 5 ml. are taken to determine 
the daily calibration factor, 0.03N HCI should be added to bring the volume to 5 ml. 


PREPARATION OF FLUIDS 


Serum or Plasma.—Into a Pyrex tube calibrated at 7 ml. are placed 3 ml. of plasma 
or serum and 3 ml. of 0.4 per cent acetic acid. These are mixed well by tapping the tip of 
the tube. The tube is covered with a marble and placed in boiling water for five minutes to 
precipitate the proteins. It is then cooled to room temperature and the volume made up to 
7 ml. with distilled water. The tube is stoppered, shaken well to break up the protein mass, 
and centrifuged. Four milliliters of the cloudy supernatant fluid are removed with a pipette, 
the tip of which is wrapped with a piece of cotton, and placed in a second Pyrex tube. Three 
millikiters of 15 per cent trichloroacetic acid are added and mixed well by tapping the tube, 
which is then allowed to stand until the slight precipitate flocculates. If this does not occur 
at room temperature, the tube may be placed in warm water. The tube is centrifuged, the 
contents filtered through No. 5 Whatman filter paper until clear, and 5 ml. are taken for 
color development. A reagent blank and serum blank are set up simultaneously, the first by 
substituting water for serum and the second on serum taken before the methionine infusion. 


Urine.—Approximately 25 ml. of protein-free urine made alkaline to phenolphthalein 
with S5N sodium hydroxide are refrigerated overnight to precipitate the phosphates. This 
mixture is filtered while still cold and the urea concentration is determined. 

Protein, if present, is removed by adding 2 ml. 20 per cent trichloroacetic acid to 5 ml. 
of urine. This mixture is allowed to stand for ten minutes, then centrifuged and filtered 
through No. 5 Whatman filter paper. Five milliliters of the filtrate are placed into a tube 
calibrated at 7 milliliters. A drop of phenolphthalein is added; the sample is made just 

IL 


alkaline with 5N sodium hydroxide and adjusted to 7 ml. with water. The tube is placed in 
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an icebox overnight until the phosphates have precipitated and the material is then filtered 
while still cold. The urea concentration may be determined on the urine before the proteins 
and phosphates are removed. 

Into a 25 ml. volumetric flask is placed an aliquot of the alkaline urine or filtrate con- 
taining less than 50 mg. urea so that 5 ml. of the final dilution contain less than 10 mg. of 
urea (or less than 4.7 mg. urea nitrogen). The sample is made slightly acid by the dropwise 
addition of approximately 1.3N hydrochloric acid; an additional 0.5 ml. HCl is then added 
and the mixture is filled up to 25 ml. with water. The color is developed, with the use of 5 
ml, of this mixture. 

Because of the variable amount of chromogen present, even in a series of urine speci- 
mens from a single patient, a urine color blank must be determined for each specimen. This 
is done by taking 5 ml. of the diluted urine and carrying through the color development except 
that 1 ml. of water is added instead of the 1 ml. of niti prusside solution. To correct for 
the light absorption of the hydrochloric acid, sodium hydroxide, and phosphoric acid mixture, 
an alkali-acid blank is carried out without nitroprusside on 5 ml. of approximately 0.03N 
hydrochloric acid. 

COLOR DEVELOPMENT 


Into a colorimeter tube are placed 5 ml. of the serum filtrate or urine dilution. 
Standards are run simultaneously because although the calibration curve is a straight line it 
varies slightly in slope with the room temperature. The useful range on the colorimeter 
employed for this work was 0.1 mg. to 1.0 mg. of methionine. The reagent blanks are de- 
termined by the use of 5 ml. of 0.03N hydrochloric acid instead of serum or urine filtrates. 

To the 5 ml. samples are added 2 ml. of approximately 5N sodium hydroxide and 1 ml. 
of freshly prepared 1 per cent sodium nitroprusside solution. The mixture is allowed to 
stand exactly ten minutes at room temperature; 2.5 ml. of 85 per cent orthophosphorie acid 
are added, followed by thorough mixing, and immediately after the disappearance of air 
bubbles the color intensity is measured (against distilled water) in a photoelectric color- 
imeter* with a filter with maximum transmission at 515 millimicrons. The methionine con- 
centrations are calculated by correcting for the reagent color and the corresponding blanks. 


CALCULATIONS 


Let A — Amount of methionine (in milligrams) in standard used for color development, 
B = Optical density of the standard, 
C = Optical density of the reagent blank containing nitroprusside, 
A 
then poo UF= factor. 
For serums 
D = Optical density of serum unknown, 
E = Optical density of serum blank, 
(D-E) x Factor x Dilution (49) x 100 = Serum methionine milligrams/100 
(60) 
milliliters. 
For urines 
F — Optical density of urine blank without nitroprusside, 
G = Optical density of alkali-acid blank without nitroprusside 
H = Optical density of urine unknown 
F-G = Urine color blank 
Urine color blank + C = Total urine blank 
(H-Total urine blank) x Factor x Dilution x 100 = Urine methionine 


milligrams/100 milliliters. 





*A Lumetron colorimeter Model 402E was used. 
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SUMMARY 


A colorimetric method based upon the nitroprusside reaction has been 
applied to blood and urine. It permits determination of the concentration of 
methionine to be made with an error of + 5 per cent in serum and + 10 per cent 
in urine. 
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A METHOD FOR DETECTING Rh, ANTIBODIES IN EXTREMELY 
LOW TITER 
LESTER J. UNGER, M.A., M.D.* 
New York, N. Y. 


INCE the discovery of the Rh faetors, a number of methods have been de- 
veloped for the detection of antibodies specifie for these antigens. Saline 
suspended cells are used for the detection of bivalent antibodies, and cells 
suspended in protein media’ * as well as the antihuman globulin test (Coombs 
test)® and trypsinated cell‘ method have been used to detect univalent anti- 
bodies. These various tests for univalent Rh antibodies differ in their sensitivity, 
but the trypsinated cell method and the antihuman globulin test are the most 
delicate and yield the highest titers. Inasmuch as the antihuman globulin test, 
as originally deseribed, makes use of untreated cells, it was decided to deter- 
mine the merit of this test using cells which previously had been treated wit! 
trypsin. In a recent experiment I used this technique for the first time and 
found it to be more sensitive than any other. 
The purpose of this paper is to report the results of further investigation 
of this test. 
Table I shows the results obtained when nineteen sera containing univalent 
Rh, antibodies were tested by five different titration methods, namely, the 
saline agglutination, albumin-plasma, trypsinated cell, indirect antihuman 
globulin, and finally the new method presented in this communication, the 
trypsinated cell indirect antihuman globulin method. The techniques of the first 
four of these methods are now well known. The technique of the fifth method 
is the same as the trypsinated cell method with the exception that after reading 
the result of that method an antihuman globulin test is done on the cells used 
with each serum dilution which failed to produce clumping. The titration 
results for each serum by the five methods employed were obtained by using the 
same set of cells throughout. Similarly, for the two methods which use 
trypsinated cells, the same supply of trypsinated cells was used. In this way 
the titers observed by the various methods can be compared with each other. 
Examination of Table I reveals that in most eases titration by the trypsinated 
cell indirect antihuman globulin test yielded the highest figures, although in 
some instances it differed little or not at all from readings obtained by the 
indirect antihuman globulin method. However, in two cases antibodies were 
detectable only by this method, whereas the results with the other four were 
completely negative. The average titer by the trypsinated cell indirect anti- 
human globulin method was slightly more than twice that of the same test 
‘arried out with untreated cells. The test would hardly be worth the trouble if 
all that one obtained was a titer approximately double that of the indirect 
antihuman globulin method. It is felt that its value rests in its ability (1) to 
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TABLE I. TITRATION RESULTS OBTAINED BY VARIOUS METHODS 








METHODS AND TITERS (UNITS) 
































| | INDIRECT ANTI- | TRYPSINATED CELL 
ALBUMIN- | TRYPSINATED| HUMAN GLOBULIN | INDIRECT ANTI- 
SERUM SALINE PLASMA CELL | UNTREATED CELLS | HUMAN GLOBULIN 
l | 0 i. -—. oF 23~~CO& 64 200 
~ 0 0 | 1 | 4 7 
3 0 12 14 96 109 
4 0 | 6 4 50 40 
5 0 10 | 16 40 134 
6 0 0 | 0 0 8 
J 0 0 | 2 3 7 
8 0 0 1 l 16 
9 | 0 0 2 2 6 
10 0 | 0 5 10 
1] 0 1 6 7 20) 
12 0 4 11 8 | 14 
13 0 6 11 16 64 
14 0 | 1 9 | 6 
15 0 3 3 16 64 
16 0 l 8 16 | 32 
7 0 | 0 0 0 | 2 
18 0 | 0 4 0 4 
19 | 0 | 4 16 24 64 


detect Rh, antibodies present in such low concentration that they cannot be 
measured by other methods and thereby aid in the diagnosis of Rh sensitiza- 
tion, and (2) to identify antibodies hitherto undescribed. To test the first 
premise further, a serum known to contain univalent Rh, antibodies in a 
titer of 256 units was diluted as follows: 1:500, 1:750, 1:1,000, 1:1,500 
(Table II). These dilutions were tested against group O type Rh,, group O 
type Rh., and group O type rh cells using the saline agglutination, albumin- 
plasma, trypsinated cell, indirect antihuman globulin, and the trypsinated 
cell indirect antihuman globulin methods. Whereas all dilutions were negative 
by the saline agglutination and the albumin-plasma methods, both the trypsinated 
cell and the indirect antihuman globulin methods showed one plus clumping 
only in the 1:500 dilution. Nevertheless, the more sensitive trypsinated cell 


TABLE II. TITRATION RESULTS FOR RH, UNIVALENT ANTIBODIES IN EXTREMELY LOW TITER 











DILUTION OF SERUM* 























| TION RUN _ {ss TITER 
METHOD CELLS 1:500 | 1:750 | 1:1,000 1:1,500 | (uNITS* 
Saline agglutination 0 Rh, - | - | ~ - 
0 Rh, = <4 = - 0 
0 rh - | - | - ais 
Albumin-plasma 0 Rh, - - | - ~ 
<i Si or oe - 0 
0 rh - | - - ~ | 
Trypsinated cell 0 Rh, + - | - - 
| 0 Rh, + | o- | - - | 500 
| Orh - - = | 
Indirect antihuman |} © Rh, | + - - | - 
globulin 0 Rh, | | = | _ | - 500 
| 0 rh | -- | ~ - - 
Trypsinated cell in- | 0 Rh, ++ ++ ++ tr. 
direct antihuman | 0 Rh, +4 | om ++ + 1,250 
globulin | Oh = | a | 








*Titer of the original undiluted serum was 256 units by the albumin-plasma method. 
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indirect antihuman globulin method resulted in two plus clumping in the 
1:500 and 1:750, one and one-half plus in 1:1,000, and weak clumping in the 
1:1,500. The titer by this method, therefore, was not only higher but the 
reactions were stronger than those obtained by the others. 

Inasmuch as the titer for univalent Rh, antibodies of the undiluted serum 
used for this experiment was 256 units, the titer of the 1:1,000 dilution was 
approximately one-quarter of a unit, which is below the range of the less sensi- 
tive methods. If a patient’s serum actually contained antibodies in a concentra- 
tion identical with that of our artificial preparation, the diagnosis of sensitiza- 
tion would have been impossible with all tests except the trypsinated cell indirect 
antihuman globulin test. 

SUMMARY 


A highly sensitive test for titration of univalent Rh, antibodies is described. 
This technique yields titers approximately double those obtained by other 
methods. The method is of value to detect antibodies present in such low con- 
centration that they are below the threshold of other methods. It is possible 
that this method may prove of value in identifying new antibodies. 
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AN INTEGRATING VENTILATION METER FOR CLINICAL USE 


J. V. MAuLoney, Jr., M.D., L. StuvermaAn, D.Sc., AND J. L. WHITTENBERGER, M.D. 
Boston, MAss. 


HE measurement of lung ventilation rates in patients ordinarily requires 

relatively complicated procedures or expensive and cumbersome apparatus. 
Furthermore, in most instances the ventilation rate must be calculated from 
data obtained by the measuring device. Physicians have, therefore, usually 
relied on visual observation to judge the adequacy of a patient’s respiratory 
minute volume. Such observations are probably not more reliable than the 
clinical estimation of cyanosis, which has been shown to be a conspicuously 
misleading guide to the degree of arterial oxygen saturation. For example, 
poliomyelitis patients being treated in the body respirator may be seriously 
hyperventilated.2 On the other hand, severe underventilation frequently occurs 
during surgery, because of the inability of anesthetists to estimate a patient’s 
ventilation by watching the breathing bag on the anesthesia machine.’ Hyper- 
ventilation and hypoventilation disturb acid-base balance, may cause circulatory 
and renal complications, and alter the sensitivity of the respiratory center to 
‘arbon dioxide. 


A simple, inexpensive minute volume indicator has been devised, using a modified 
venturi tube with pressure taps arranged according to the method of Goldman.4 As the 
patient breathes in either direction through a tube (Fig. 1), statie energy is converted to 
kinetic energy as the air velocity increases in the narrow region of the tube. The center 
tap (4) therefore measures a static pressure which is always negative relative to the pressure 
at the ends of the tube (B and B’). The difference in pressure between A and BB’ is a 
function of air flow. By connecting A and BB’ to the two sides of a differential draft 
gauge,* a continuous indication of air-flow velocity may be obtained. The system must be 
further damped by capillary tubes inserted at C and D. When suitable damping has been 
obtained, the draft gauge indicator will remain almost stationary and at any instant will 
indicate the mean air-flow rate present during the preceding several breaths. The instrument 
ean be calibrated in terms of liters per minute ventilation, and since the mechanical damping 
essentially integrates the flow rates, it is necessary only to glance at the indicator to know 
how much the patient will have breathed at the end of a minute if he continues to breathe 
at that rate. 

Calibration was done with a Benedict-Roth type of recording spirometer using mechani- 
cal pumps and a series of individuals breathing in a variety of flow patterns at rates rang 
ing from 11 to 36 per minute. Fig. 2 shows the calibration curve obtained. The average 
deviation of the measurements at resting ventilation rates (6 to 10 liters per minute) was 
found to be +2.65 per cent. Three values out of twenty-six observations in this range had 
an error of more than 5 per cent, the largest being 8.9 per cent. Since the gauge is differ- 
ential, it may be used with positive pressure breathing appliances as well as with normal 

From the Departments of Physiology and Industrial Hygiene, Harvard School of Public 
Health. 
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*A Magnehelic gauge made by F. W. Dwyer Co., Chicago, Ill, was used. An inexpensive, 
inclined liquid manometer has been found to work equally well. 
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Fig. 1.—Diagram of ventilation meter assembly. A, Venturi side pressure tap; B, B’', 
reference pressure taps; C and D, capillary constrictions at connections to differential pres- 
sure gauge. 
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Fig. 2.Calibration data for ventilation meter. Minute volume measured by_ spirome- 
ter. Points represent gauge readings over a wide range of respiration rates and air-flow 
patterns, 
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breathing. Because of the low energy loss feature of the venturi, the tube offers very little 
resistance to air flow (3.7 mm. H,O at the normal peak flow rate of 34 liters per minute). 


Resistances found at the normally occurring flow rates were: 













FLOW RESISTANCE 


(mm. H,O) 







(liters/min. ) 












10 0.7 
20 ee 
30 3.0 
40 5.0 















’ 


The use of the venturi principle minimizes resistance, expense, and ‘‘coasting’’ error met 


with in our attempts to use rotary anemometers for the same purpose. 









In clinical use, the ventilation meter has proved valuable in adjusting the 
ventilation given to poliomyelitis patients being treated in the body respirator. 
Incorporation of the instrument into standard anesthesia machines provides 
the anesthetist with a continuous indicator of respiratory minute volume as a 
guide to when patients need respiratory assistance. 
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ERRATUM 










In the article by Gaberman, Atlas, Isaacs, Kammerling, and Ehrlich, ‘‘ The Relationship 
of Xanthoproteic Indices to Quantitative Phenol Levels in Various Azotemic States,’’ p. 544, 
in the April, 1951, issue of the JOURNAL, all parentheses should be removed from all formulas. 
The formulas thus will read as follows: 












Phenol = .0319 Xanthop, — .035 
Xanthop. index = 24.95 Phenol + 17.9 
Approximate combined equation: Xanthoproteic index — 27.8 Phenol + 10 









